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Of the compounds examined for carcino- 
genic potency in this laboratory, a con- 
siderable number were structurally related 
to 20-methylcholanthrene (fig. 1, formula 
Il). The results obtained with some of 
these compounds have been given in pre- 
vious communications (2-6). This paper 
records the data * obtained following the 
injection of 22 additional compounds * 
into mice of inbred strains in experiments 
conducted in the period 1935-40. 

As in previous experiments, the com- 
pounds were usually injected in the crystal- 
line form moistened with glycerol. Un- 
less otherwise specified, one injection of 
the crystalline material was given sub- 


1 This work was carried out in the U. S. Public 
Health Service, Office of Cancer Investigations, then 
located at the Harvard Medical School and at the 
Wolcott Gibbs Memorial Laboratory, Harvard Uni- 
versity. 

2 Presented (1) in part at the Third International 
Cancer Congress, Atlantic City, September 11, 1939. A 
later summary was included in another paper (2). 

3 The results obtained in these biological experiments 
were in some instances announced in the papers of Fieser 
and coworkers in the Journal cf the American Chemical 
Society, which described the syntheses of these com- 
pounds, and in the review by Fieser (7). 

4 These compounds, unless otherwise stated, were 
synthesized in the laboratory of Prof. L. F. Fieser, of 
Harvard University, as part of a cooperative project 
imtiated by the U. S. Public Health Service in 1934. 
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cutaneously in the left flank of strain A 
mice, which were obtained from the 
Roscoe B. Jackson Memorial Laboratory, 
Bar Harbor, Maine. The animals were 
usually about 3 to 4 months old when first 
injected. The properties of the specimens 
employed have been described in the 
papers from the cooperating laboratories 
of organic chemistry. Solutions in lard 
filtered at 38° C. were used in those in- 
stances in which not enough material was 
available for administration of the re- 
quired amount in crystalline form, or 
when low doses were desired. The ani- 
mals were fed a diet of Purina dog chow 
and tap water as in previous experiments 
in these studies. 

In the tables the plus signs give the 
total number of mice in each experi- 
ment in which tumors had been induced 
at the injection site in the periods shown; 
the minus signs give the number of 
negative survivors at those times. In the 
tables and text the term “negative” 
designates the mice not bearing induced 
tumors at the site of injection. The term 
*“*tumor,”’ as used in this paper in referring 
to lesions at the injection site, designates a 
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progressively enlarging mass having gross 
characteristics similar to other induced 
tumors in our experience which had been 
proven by transplantation and by histo- 
logical examination to be sarcomas. In 
referring to lesions of the lung, the word 
“tumor” designates nodules having gross 
characteristics indistinguishable from his- 
tologically proven primary pulmonary 
tumors. 


ALKYL DERIVATIVES 


The structural formulas of cholanthrene 
(fig. 1, formula 1), which may be regarded 
as the parent hydrocarbon, of 20-methyl- 
cholanthrene (fig. 1, formula II) and of 
five other alkyl derivatives are shown in 
figure 1. All of these compounds were 
found to be potent carcinogens. The most 
rapidly acting were cholanthrene and 
methylcholanthrene.® For ready com- 


%, 


parison, the previously published data for 
the 20-ethyl ® (fig. 1, formula III) and the 
16, 20-dimethyl (fig. 1, formula IV) 
derivatives are included in table 1. 
15,20-Dimethylcholanthrene (fig. 1, formula 
V).—The small available amount of 15,20- 
dimethylcholanthrene (9), synthesized by 
Dr. W. F. Bruce, of Cornell University, 
and Dr. L. F. Fieser, was dissolved in 
filtered lard to give a solution containing 
5 mg. of the hydrocarbon per cubic centi- 
meter. The injection (Dec. 11, 1937) of 
1 mg. was repeated after 4 months. 
Ulceration at the injection site occurred 
in half of the mice during the second 
5 Since the only monomethyl derivative of cholanthrene 
dealt with in this paper is 20-methylcholanthrene, it is 
henceforth referred to simply as methylcholanthrene. 
6 In the report (5) of the carcinogenic activity of 20- 
ethylcholanthrene, the reference for the synthesis of this 


compound was given as ‘Bruce, W. F.: Unpublished 
work, 1936.” The synthesis of this compound has since 


been publishea by Bruce and Kahn (8), of the Depart- 
ment of Chemistry, Cornell University. 


Ficure 1. 
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Taste 1.—Alkyl derivatives of 20-methylcholanthrene 


[Production of subcutaneous tumors in strain A mice] 


Total number of mice with tumors (+) and 
Mice mice (—), after various 
: Formu- ose periods (in months 
Substituent la No. | (crystals) 
| | 

Number} Sex | 4months | 6months | 9 months | 12 months 

Milligrams 
15, ¥ 12 16 | M+F { 


' In lard filtered at 38° C. 


month. Severe ulceration was present in 
five of the six mice that died or that had to 
be killed because of poor condition during 
the first 4 months. 

The first three tumors appeared during 
the fourth month. Tumors developed in 
four other mice during the fifth month. 
In the last survivor, a tumor developed in 
the eighth month (table 1). On the basis 
of previous experience with other com- 
pounds, it is possible that smaller doses 
might have given a lower early mortality 
and a higher yield of tumors. 

20-iso-Propylcholanthrene (fig. 1, formula 
VI).—The 20-iso-propyl derivative, syn- 
thesized by Bruce and Todd (70), of 
Cornell University, was injected (Oct. 24, 
1938) in a dose of 2 mg.; 6 months later 
another injection, of 5 mg., was given. 
The first tumor appeared during the fifth 
month. The experiment was terminated 
in the eleventh month at which time there 
was one negative survivor. The rate of 
tumor production and the survival data 
are given in table 1. 

20-tertiary-Butylcholanthrene (fig. 1, formula 
VII).—The 20-tertiary-butyl derivative, 
synthesized by Fieser and Snow? (77), 


7 University of Chicago. 


was injected (July 30, 1937) in a dose of 5 
mg.; the same amount was injected after 5 
and after 9 months. 

The first tumor appeared in the tenth 
month, and another developed 1 month 
later. At the end of 11 months there were 
four negative survivors; none of these 
developed tumors at the injection site by 
the time the experiment was terminated 
in the fifteenth month (table 1). 


OXYGEN-CONTAINING DERIVA- 
TIVES 


15-Hydroxy-20-methylcholanthrene (fig. 2, 
formula VIIT).—A dispersion of 15-hydroxy- 
20-methylcholanthrene was prepared by 
warming the compound in filtered lard. 
With a concentration of 2.5 mg. per cubic 
centimeter of lard at 38° C., some was dis- 
solved and some remained suspended. 
The mice received (July 23, 1938) 0.4 cc. of 
this dispersion, which was equivalent to 
1.0 mg. of the compound. Since no 
tumors had appeared in 3 months, the 
mice received 5 mg. of the crystalline 
compound at this time. 

The first 3 tumors appeared at the end 
of the fourth month; a tumor appeared 
in a fourth mouse at the end of 6 months. 


| | | | 
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No further tumors developed until the 
tenth month, when tumors appeared in 5 
more mice. By the end of a year tumors 
had been induced in 13 of the animals. 
The 2 negative survivors were killed after 
13 months (table 2). Ulceration occurred 
in about one-third of the animals after 6 
months. In 9 of the mice bearing tumors 
at the injection site, the lungs contained a 
strikingly large number of tumor nodules. 

With the compound containing a hy- 
droxyl group at the 15 position of methyl- 
cholanthrene, a marked reduction of the 
rate of tumor production at the injection 
site was obtained, as compared with 
methylcholanthrene. 

15-Keto-20-methylcholanthrene (hg. 2, for- 
mula IX).—The first injection (Aug. 3, 
1938) of 3 mg. of 15-keto-20-methylchol- 
anthrene was followed by another, of 5 
mg., 3 months later. 


By the end of a year, tumors had been 
induced in only 3 mice; at this time there 
were 12 negative survivors (table 2). 
Another tumor developed after 14 months, 
and 3 more appeared in the sixteenth 
month when the experiment was termi- 
nated. A striking picture of multiple 
tumor nodules in the lungs was seen in 
only 1 mouse. 

Since tumors were induced in only seven 
mice in 16 months, in spite of excellent 
survival, it is clear that the introduction of 
the keto group at the 15 position reduced 
the potency of methylcholanthrene even 
more markedly than introduction of the 
hydroxyl group. The London group (/2) 
recently stated that epitheliomas were 
obtained with this compound, which they 
designate as 20-methylcholanthrene-15- 
one, thus confirming the potency it had 
exhibited with the subcutaneous technique. 


H2 
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Taste 2.—Oxygen-containing derivatives of 20-methylcholanthrene 


{Production of subcutaneous tumors in mice '} 


| 


Sabetituent Formula | Dose (crys- 


Total number of mice with tumors (+) and negative surviving 


mice (—), after various periods (in months) 


| 
No. | tals). 
| | 4 months | 6 months | 9 months | 12 months | 15 months 
Milligrams | | | | 
| } | | 
0+ 1+| 2+ 3+ 4+ 
| 
wee 0+ 0+ 0+ 0+ 0+ 
| | | 
0+! 0+| 0+ o+| 
| | | | 
0+ 0+ 0+ 0+) 0+ 
6, XIV | 7 |{ or 


19— 19— 


! These compounds were administered to 10 male and 10 female mice of the A strain, with the exception of the experiment 


with compound XI in which 10 C3H male mice were employed. 


3-Hydroxy-20-methylcholanthrene (fig. 2, for- 
mula X).—The injection, on August 16, 
1937, of 5 mg. of crystalline 3-hydroxy-20- 
methylcholanthrene was repeated 6 months 
later. No tumors were induced at the site 
of injection (table 2), although 12 of the 
mice survived for a year and 8 were alive 
at15 months. The experiment was termi- 
nated in the seventeenth month at which 
time the compound was seen in the sub- 
cutaneous tissues of the 3 survivors 11 
months after the last injection. 

This compound had also given negative 
results in the hands of the London in- 
vestigators (/2) in a skin-painting experi- 
ment. In both laboratories this derivative 
was considered of particular interest 
because the bile acids and sterols have a 
characteristic hydroxyl group * at position 
3, and it was conceivable that, if ring 
closure took place in these biologically 
occurring compounds with the formation 
of compounds of the type of methylcholan- 
threne, the 3-hydroxyl group might be 
"8 See fig. 5, formulas XXII and XXII. 


retained. However, neither skin painting 
nor subcutaneous injection of this com- 
pound yielded tumors. 
3-Methoxy-20-methylcholanthrene (fig. 2, 
formula X1I).—The 3-methoxy! derivative 
of methylcholanthrene was injected (July 
29, 1937) in a dose of 5 mg., which was 
repeated after 5 and 9 months. Survival 
was good (table 2), but no tumors had 
been induced by the time the last mouse 
was killed in the thirteenth month. This 
is in agreement with the negative results 
obtained in a skin-painting experiment 
with the same compound by the group in 
London (72). 
2-Hydroxy-20-methylcholanthrene (fig. 2, for- 
mula XII).—Only a small amount of the 
2-hydroxy] derivative was available. Each 
mouse received one injection of 1 mg. 
Survival was good (table 2), but no 
induced tumors were noted. The last six 
survivors were killed at the end of the 
fifteenth month. 
2-Methoxy-20-methylcholanthrene (fig. 2, for- 
mula XIII).—Two milligrams of the 2- 
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methoxyl derivative was injected (Mar. 
24, 1938) as the first dose; 5 mg. was 
injected 7 and 12 months later. Eleven 
mice survived for a year, and seven were 
alive at 15 months (table 2). The last 
three survivors were killed at the end of 17 
months. No induced tumors. were 
obtained. 

6,7-Dihydro-20-methylcholanthrene (fig. 2 
formula XIV).—The first dose (Feb. 11, 
1938) of the 6,7-dihydro derivative con- 
sisted of 2 mg.; a second injection, of 5 
mg., was given 9 months later. The re- 
sults are summarized in table 2. 

Survival was quite good; 19 mice lived 
for a year, and 11 were alive at 15 months. 


FiGure 


The last 9 survivors were killed in the 
seventeenth month. No induced tumors 
were obtained. 


CHLORO, BROMO, AND CYANO 
COMPOUNDS 


3-Chloro-20-methylcholanthrene (fig. 3, for- 
mula XV).—Since only a small amount 
of 3-chloro-20-methylcholanthrene was 
available, the experiment was restricted 
to 10 mice. Five milligrams was injected 
(July 20, 1937) as the first dose; this was 
repeated after 5 months. The results are 
summarized in table 3. No tumors were 
induced by the time that the last 2 
survivors were killed in the fourteenth 
month (table 3). 
6-Chloro-20-methylcholanthrene (fig. 3, 
formula XVI).—The first injection (Oct. 
24, 1938) consisted of 2 mg.; another in- 
jection, of 5 mg., was given 6 months later. 
An epidemic infection brought this experi- 
ment to an early close (table 3). The last 
three sick survivors were killed in the tenth 
month. No induced tumors were noted 
in this period. 
6-Cyano-20-methylcholanthrene (fig. 3, 
formula XVII).—The 6-cyano derivative 
of methylcholanthrene was injected (Oct. 
24, 1938) in a dose of 2 mg. Survival was 
poor because of an epidemic infection. 
The nine sick survivors were killed in the 
ninth month. No induced tumors were 
noted in this period. 
anthracene (fig. 3, formula XVIII).—\t was 
previously reported (4) that 7-methyl-8, 9- 
dimethylene—1,2-benzanthracene did not 
produce tumors in mice. Similarly nega- 
tive results were obtained with the 4’- 
bromo derivative of this structural ana- 
logue of methylcholanthrene (table 3). 
Since only a small amount of this com- 
pound was available, the experiment was 
restricted to 10 mice. The first injection 


Be 
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(July 20, 1937) consisted of 5 mg.; the rest 

of the supply was given 5 months later. I 
The last 3 survivors were killed in the 

fifteenth month. No induced tumors were 

obtained. 
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ANTHRACENE DERIVATIVES 


1, 2-Cyclopenteno-5, 10-aceanthrene (fig. 4, 
formula XIX).—To ascertain the impor- 


tance of the angular 6-membered ring of xx 
cholanthrene (fig. 4, formula I) in tumor 
production, the 1,2-cyclopenteno ana- 
logue was injected (Sept. 30, 1936) into 


mice. A solution containing 5 mg. of the 
hydrocarbon per cubic centimeter of 
filtered lard was employed. Four doses of 


1 mg. each were given during the first 10 Xx CHs 
months. 


The first tumor appeared in the sixth 


month. By the end of a year, tumors had 
been induced in 3 mice, and 10 mice were 
alive and negative (table 4). At 15 
months there were 6 negative survivors; 
of these 1 developed a tumor in the seven- 


teenth month. This tumor was success- 
fully transplanted in other strain A mice 
for 2 transplant generations, and was then 
discarded. The experiment was termi- 
nated in the eighteenth month. 


Since sarcomas had been induced in 4 Ficure 4. 


Taste 3.—Chloro, bromo, and cyano compounds related to 20-methylcholanthrene 


[Results of subcutaneous injection in strain A mice] 


| | | Total number of mice with tumors (+) and nega- 


| Mice | mice (—), after various periods 
i ose in months) 
| | | 
| | Number | Sex | 6 months | 9 months | 12 months | 15 months 
| | | | | 
| Milligrame } } | 
| xv | 10 M i | 
| | | | 
| | | 
XVI 7 o| mM { | 
6-Cyano__. XVII 2 | 
4’-Bromo-7-methy-8, 9-dimethy-\! yy, 0+ O+ 0+ 
lene-1, 2-benzanthracene_- XVI | 10 | M+F { 8— 7- | 6- 3- 
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Tasie 4.—Anthracene derivatives 


{Production of subcutaneous tumors in strain A mice} 


! 

| 
Substituent 

| la No. ystals 


Milligrams 
14 


1,2-C yclopenteno-5, 10-ace XIX 
1,2-Dimethyl-5, 10-ace XX 8 
1,2-C yclopenteno-5-methyl] XXI 10 


Number = Sex 


Total number of mice with tumors (+) and 


Mice negative surviving mice (—), after various 


periods (in months) 


6months %months 12 months | 15 months 


1+ 2+ 3+ 3+ 
20 | M+F { 19— 13— 10— 6— 
0+ 0+ 0+ 
20; M { 19— 18— 10— 
0+ 0+ 0+ 0+ 


! Dissolved in lard filtered at 38° C. 


of 20 mice with this compound, it is 
obvious that it has definite carcinogenic 
potency. Substitution of a 5-membered 
ring for a 6-membered ring at the 1,2- 
positions had, however, resulted in a 
marked diminution in potency. 

1,2-Dimethyl-5,10-aceanthrene ( fig. 4, formula 
XX).—On substituting 2 methyl groups 
for the 5-membered ring at the 1,2-positions 
of compound XIX, the potency was found 
to be completely abolished. Three milli- 
grams of 1,2-dimethyl-5,10-aceanthrene 
was injected (Dec. 1, 1936) as the first 
dose, and the remainder of the small 
amount available was given 3 months 
later. 

Ten of the mice survived for 15 months. 
The experiment was terminated in the 
seventeenth month. No induced tumors 
were obtained. 

1,2-Cyclopenteno-5-methylanthracene (fig. 4, 
formula XX1I).—When a 5-methyl group 
was substituted for the 5,10-ace group of 
compound XIX, the resulting compound 
was completely inactive. The first injec- 
tion (Dec. 1, 1936) of 1,2-cyclopenteno-5- 
methylanthracene consisted of 3 mg. The 
rest of the available material was given 3 
months later. 

Survival was good (table 4). When the 
10 survivors were killed in the seventeenth 
month, the compound was seen in the 


subcutaneous tissues of all the mice 
although the last injection had been given 
13 months previously. No induced tumors 
were obtained, although 5-methyl-1,2- 
benzanthracene, its analogue with a 6- 
membered ring, produced (5) subcuta- 
neous tumors in 16 of 20 mice in 9 months. 


BILE ACIDS AND CHOLEIC ACIDS 


Desoxycholic acid (fig. 5, formula XXII).— 
Crystals of desoxycholic acid, mixed with 
glycerol as usual, were injected (June 5, 
1935) subcutaneously in 10 strain A mice 
in a dose of about 10 mg. Within 4 days 
all of the mice were dead. However, 
when a small amount of the dry crystals 
was given, the mice tolerated it. The 
amount injected was increased progres- 
sively so that the fifth injection, 6 months 
later, consisted of 7 mg. This latter dose 
was repeated 3 times during the next 5 
months. No subcutaneous tumors were 
induced by the time this experiment was 
terminated after 13 months (table 5). 

Two more groups of strain A mice were 
tested for response to an initial injection 
of about 10 mg. Six mice were injected 
with crystals moistened with glycerol; the 
next day five were dead. Six other mice 
received crystals moistened with water; 
within 3 days five were dead. 

A solution containing 2.5 mg. of desoxy- 
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_OH 
Ho Ho "3° 
H3C 
HOOC-C4Hg HOOC -C4Ha, 
OH 
Desoxycholic acid Cholic acid Acenaphthene 


Figure 5. 


cholic acid per cubic centimeter was pre- 
pared with dilute NaOH and was injected 
(June 5, 1935) in a dose of 1.25 mg. The 
mice received 7 injections over a period 
of 11 months. Survival was good; all 12 
mice lived for 10 months, and 7 lived for 
14 months. The experiment was termi- 
nated by killing the last 2 survivors after 
18 months. No subcutaneous tumors were 
induced (table 5). 


Loeffler (/3) reported negative results as 
regards tumor production, on oral ad- 
ministration of desoxycholic acid and 
cholesterol to mice and rabbits for periods 
up to 130 days; the bile acid alone was fed 
to rabbits for 53 days. Alessandri (7/4) 
gave this compound orally and by sub- 
cutaneous injection to mice for periods 
up to 100 days with negative results. 
The London workers (75) obtained with 


Tasie 5.—Bile acids and choleic acids 


[Production of subcutaneous tumors] 


Injection 


Compound 
Form 


9. 
50 Crystals 
Desoxycholie acid (formula 
XXII). 


9 Aqueous solution 
Cholie acid (formula X 80 Crystals 
{ 20 do 


1, 2, 5, 6-Dibenzanthracene- 


choleic acid. Aqueous solution 


10. Crystals 


20-Methylcholanthrene-choleic 


acid. 5 Aqueous solution 


7.5 do? 


Acenapht hene-choleic acid (cf. 60 


Crystals _. 
formula XXIV). 


Mice Total number of mice with tumors (+) 
and negative surviving mice (—), after 
various periods (in months) 


Sex Strain 

months 9months 12 months 15 months 
12 M+F dba¢af Ot o+ 
miter a 
4 { 10+... 


' These tumors all developed in 4 months. — 
? Administered intravenously and intraperitoneally. 
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this compound 1 epithelioma in 26 mice 
in a_ skin-painting experiment which 
lasted for more than 2 years. Ghiron 
(76) stated that desoxycholic acid elicited 
transplantable subcutaneous fibrosarcomas 
in a high proportion of the mice and rats 
injected, but no details are available. 
The London group (7/2, 17) obtained 1 
epithelioma in 100 mice in a skin-painting 
experiment lasting more than 2 years, 
and 11 sarcomas in 20 mice following 
subcutaneous injection of a solution of 
desoxycholic acid in sesame oil. In view 
of the physiological importance of this 
bile acid, it is important to ascertain to 
what extent the sesame oil contributed 
to the potency. 

Cholic acid (fig. 5, formula XXIII).— 
Cholic acid, injected without either glyc- 
erol or water as lubricant, proved much 
less toxic than desoxycholic acid. About 
10 mg. of the dry crystals was injected 
(June 28, 1935) without any fatalities. 
A total of eight such injections was given 
in the course of a year. Thirteen of the 
mice lived for 10 months, and six lived for 
17 months. The last three survivors 
were killed after 20 months. No induced 
tumors were obtained (table 5). 

Loeffler (73) administered cholic acid 
and cholesterol orally to mice and rabbits 
for periods up to 130 days, and cholic 
acid alone to rabbits for 53 days, without 
obtaining tumors. 

1,2,5,6-Dibenzanthracene-choleic acid .— 
The addition compound of dibenzan- 
thracene and desoxycholic acid was ad- 
ministered (May 29, 1935) to 53 mice. 
In the first experiment, the crystalline 
compound was injected in. a dose of 
about 10 mg.; a second injection was given 
2 months later. Ulceration occurred in 4 
of the mice during the early part of the 
experiment. 

Tumors occurred in 3 of the mice in the 
fifth month at which time there were 19 
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negative survivors. This experiment was 
terminated in the ninth month by killing 
the 4 remaining negative mice. Tumors 
had been induced at the injection site in 
8 of the mice (table 5). The striking 
picture of multiple tumors in the lungs 
with this compound, mentioned pre- 
viously (4), was noted in 5 of these mice. 

In another experiment, this choleic acid 
was injected as an aqueous solution pre- 
pared by dissolving the compound in a 
buffered phosphate solution in a concen- 
tration of 2.5 mg. per cubic centimeter. 
The final pH was about 8. This was 
administered (May 29, 1935) to 24 mice 
in 5 doses of 1.25 mg. each over a period 
of a year. 

The injection produced severe ulcera- 
tion in many of the mice in a few days; 
this healed in most cases after a few weeks. 
Although 14 of the mice survived for 9 
months, and 7 lived for a year, tumors 
were induced at the injection site in only 
2 of the mice in this test (table 5). 
The last 5 survivors were killed at the end 
of the sixteenth month. 

Six of the twelve strain A mice in this 
experiment showed lungs studded with 
tumors. In the fifteenth month several 
tumors in the liver were seen in a strain 
A male mouse; these may have been 
spontaneous tumors. 

20 - Methylcholanthrene - choleic acid.—The 
analogous compound of methylcholan- 
threne and desoxycholic acid was ad- 
ministered (June 3, 1935) to 58 mice. 
In the first experiment 1 dose of about 10 
mg. of the solid compound was employed. 
Ulceration at the site of injection occurred 
in some of the mice; the tumors in these 
animals developed around the margins or 
at the base of these ulcers. The tissues 
about the injected material became thick- 
ened after about a month; the thickened 
tissues became quite firm before the end 
of the second month and developed into 
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well-formed tumors in 6 of the 11 mice 
early in the third month. Tumors devel- 
oped in 3 more mice by the end of the 
third month. When the 2 survivors were 
killed at the end of 4 months, tumors had 
been obtained in 10 of the 11 mice. 

In the next experiment, a solution was 
employed which contained 2.5 mg. of the 
compound per cubic centimeter of water 
to which just enough dilute NaOH was 
added to cause solution of the choleic acid. 
Four injections of 1.25 mg. each were given 
during the first 6 months. Ulceration 
occurred in a few of the mice before 
tumors appeared, as in the preceding 
experiment. The first two tumors ap- 
peared early in the fourth month, another 
developed in the sixth month, and five 
more in the seventh month. None of the 
three negative survivors developed a 
tumor by the end of a year when the 
experiment was terminated (table 5). 

In the third experiment, this choleic 
acid was dissolved in a salt solution con- 
taining 0.155 M NaC1, 0.005 M KC1 and 
0.004 M Na,HPO,. NaOH was added 
to effect solution, then the pH was 
adjusted to 7.8. It was injected in- 
travenously in doses of 0.25 cc. of solutions 
containing from 1.0 to 5.0 mg. of the 
choleic acid per cubic centimeter. For 
the first injection the weakest solution was 
employed; the concentration in- 
creased in two subsequent injections until 
it was 5.0 mg. per cubic centimeter. 
When the intravenous route could no 
longer be used because of damage to the 
veins in the tail, the mice were given four 
intraperitoneal injections of 0.25 cc. of the 
strongest solution. 

During the first 6 months 14 of the mice 
died. In 2 there were multiple tumors in 
the lungs. In 1 mouse there was marked 
congestion of the subcutaneous blood 
vessels, liver, and lungs; the lungs were 
congested in 3 other mice. In the fifth 


month 1 male mouse developed a tumor 
in the abdomen. During the next 5 
months, intraperitoneal tumors developed 
in 4 other male mice. Lungs studded with 
tumor nodules were seen in 4 mice. Of 
the 5 mice negative after a year, 4 survived 
for 15 months at which time the experi- 
ment was terminated. The lungs of these 
4 mice all contained numerous tumor 
nodules, but no tumors at the injection 
site developed in any of the animals after 
the tenth month. 

Acenaphthene-choleic acid—The addition 
compound of acenaphthene (fig. 5, formula 
XXIV) with choleic acid was injected 7 
times in the course of 16 months, in doses 
which averaged about 9 mg. Survival was 
excellent in spite of the large amount 
injected. All of the mice lived for a year, 
and 10 survived for 15 months. The last 
2 mice were killed after19 months. Ulcer- 
ation occurred at the injection site in a 
few of the mice. No induced tumors were 
obtained (table 5). 


MISCELLANEOUS COMPOUNDS 


Tests for carcinogenic potency have been 
completed with a large number of com- 
pounds. Many of these have been re- 
ported in detail; others have been briefly 
summarized (2). The experiments with 
the latter and with 30 additional com- 
pounds will be described in a later com- 
munication. Carcinogenic activity was 
exhibited by 6-methylchrysene and 4,9- 
dimethyl-1,2-benzanthracene in addition 
to those previously mentioned. 


DISCUSSION 


Of the chemical carcinogens widely used 
in many types of experiments in recent 
years, methylcholanthrene has been con- 
sidered one of the most interesting. First 
of all was its production in the laboratory 
from both cholic acid and desoxycholic 
acid; this raised the question as to whether 
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compounds related to methylcholanthrene 
might be produced in the animal body 
from precursors like the bile acids and 
sterols. In the next place, it produced 
malignant tumors in mice with great 
rapidity. Furthermore, it was potent in 
unusually low doses (7/8) and produced 
unusual types of experimental tumors, 
such as gliomas (/9), when previous 
attempts with other carcinogens had given 
negative results. From several points of 
view it was held worth while to examine 
for carcinogenic potency a considerable 
number of compounds whose structures 
were related to methylcholanthrene in one 
way or another. 

The importance of the technique has 
been discussed in a preceding paper (6) 
and in a recent publication (/2) from 
Kennaway’s laboratory. The subcutane- 
ous-injection technique has been adopted 
by the London workers, in studying the 
new series of compounds reported in this 
iatter paper, for obtaining data to parallel 
the valuable results obtained with their 
usual technique of skin painting. How- 
ever, the medium they employed in the 
injection experiments was sesame oil, 
which is open to more serious objection 
than filtered lard, since the former has 
been reported (20) as occasionally having 
given rise to induced tumors in mice. We 
have discontinued the use of the latter 
material as a vehicle in favor of tricaprylin 
in recent years for reasons discussed previ- 
ously. Although it would be of interest to 
study the action of the constituents of 
sesame oil itself, and although sesame oil 
may be of use as a co-carcinogen (5, 27, 22), 
it is difficult to interpret the, results of 
tests of compounds when sesame oil is 
used as the vehicle. 

From the data in table 1, the potencies 
of the members of this closely related group 
of compounds in producing subcutaneous 
tumors in mice were, in our experiments, 


in the following order of decreasing 
activity: methylcholanthrene; cholan- 
threne; 15,20-dimethyl-; 20-ethyl-; 16,20- 
dimethy]l-; 20-7so-propyl-: and 20-t-butylch- 
olanthrene. These provide still another 
group of closely related carcinogenic 
compounds, in which the range of potency 
is from very high to weak, for studies of 
the relationship between tumor-producing 
activity and other properties. 

Table 2 indicates that, if carcinogens are 
formed in the body by ring closure of 
sterols, bile acids, or related substances, 
the 3-hydroxyl and 3-methoxy] derivatives 
of methylcholanthrene probably are not 
the carcinogens produced, in view of the 
negative results obtained here and in 
London with these two compounds. The 
potencies of the other oxygen-containing 
derivatives of methylcholanthrene in table 
2 do not furnish any support to the 
hypothesis that oxidation of methylcholan- 
threne may be a step in the mechanism 
of tumor production by methylcholan- 
threne. If any such oxidation occurs (7), 
it probably does not involve the com- 
pounds given in table 2. 

One of the anthracene derivatives given 
in table 4 exhibited weak carcinogenic 
potency. Compound XIX (1, 2-cyclo- 
penteno-5, 10-aceanthrene) is one of the 
few anthracene derivatives not containing 
a benzene ring at the 1, 2-position which is 
active. The London group (23) has re- 
ported that the 9, 10-dimethyl derivative 
of anthracene possesses weak activity. 
While the angular benzene ring of 1, 2- 
benzanthracene thus is not essential for 
potency, it apparently is required for con- 
ferring a high order of activity on an- 
thracene derivatives. 

The reports of Ghiron and of the 
London group that injection of desoxy- 
cholic acid produced sarcomas in rats 
and mice are of great interest. No in- 
formation is available here as to the form 
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of the injected material in Ghiron’s 
experiments, or as regards dosage. The 
London workers (/7) injected this bile 
acid in sesame oil into the right flank of 


10 mice of mixed stock, of which 5 lived - 


for more than 6 months. Of these 5, 3 
developed spindle-cell tumors at the site 
of injection within a year. These mice 
had received 15 injections containing in all 
70 mg. of the bile acid in 300 days. Ina 
later experiment, similar injection into 
10 C3H mice gave the first sarcoma in 
about 5 months, the mice having received 
a total of 28 mg. in 6 injections; sarcomas 
appeared in 6 additional mice by the end 
of 7 months. In our experiments 22 mice 
died shortly after the injection of about 10 
mg. of desoxycholic acid moistened with 
either glycerol or water. When other 
mice received injections of small amounts 
of the dry crystals, they tolerated the bile 
acid much better. During the first 6 
months the mice received 4 injections 
totaling about 22 mg., and during the 
next 5 months, 4 more injections totaling 
about 28 mg. Although the number of 
mice employed was small in this ex- 
ploratory experiment, 5 of the mice were 
alive at 9 months, as compared with 5 
survivors at 6 months in the first injection 
experiment in London; moreover, the 
total amount injected (50 mg.) was 
approximately the same as that employed 
in London. This raises the question as to 
the role played by the sesame oil used as a 
vehicle in their experiments. Since we 
had previously not published the details 
of the experiments with the bile acids, 
the English workers (77) supposed that 
“a single injection only, in glycerol, was 
given.” Since we gave 8 injections total- 
ing 50 mg. in the course of 11 months, 
and since 3 mice were still alive and 
negative at the end of a year, further 
experiments with desoxycholic acid are 
required, both with and without sesame oil. 


With the crystalline choleic acids of di- 
benzanthracene and methylcholanthrene, 
tumor production at the injection site was 
high and fairly rapid. Subcutaneous 
injection of a slightly alkaline aqueous 
solution of these compounds, however, 
yielded fewer tumors and at a slower rate 
(table 5). The low and slow production of 
tumors following the intravenous injection 
of similar solutions of methylcholanthrene- 
choleic acid was unexpected. Apart from 
a very large number of pulmonary tumors, 
positive results were obtained only after 
the route of injection was changed from 
intravenous to intraperitoneal, whereupon 
tumors were obtained in the peritoneum. 
No tumors were obtained in the tail at the 
injection site. Furthermore, the numerous 
primary tumors throughout the body, 
which we had expected, were not obtained. 
Even allowing for the fact that the hydro- 
carbon part constitutes only a small por- 
tion of the weight of these choleic acids, 
enough was injected, it was thought, to 
produce tumors in many places. In view 
of the negative results from this point of 
view, it may be that a large fraction of the 
choleic acids, when solutions were injected 
intravenously, was excreted rapidly in 
these experiments and so was not available 
for tumor genesis. The high and rapid 
production of tumors at the injection site 
when the crystalline choleic acid was 
injected was discussed in an_ earlier 
paper ® (3). 

The pathological lesions reported here 
have been restricted to tumors induced 
at the site of injection and to multiple 
tumors of the lungs when they were un- 
usually numerous. The other patho- 


9F. M. H. Creech (24, 25) utilized our published 
and unpublished findings, with the three choletc acids 
given in table 5, in experiments with tissue culture in 
vitro. She stated that phenanthrene-choleic acid, which 
was employed as one of the control compounds, was non- 
carcinogenic. While this may well prove to be true, 
phenanthrene-choleic acid has not been assayed for car- 
cinogenic potency so far as we know. 
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logical findings will be reported in a sepa- 
rate communication with Dr. Harold L. 
Stewart. Mammary-gland tumors have 
not been included in these tabulations 
even when they occurred at the injection 
site. For the present, these are considered 
as spontaneous in origin because they did 
not occur in a significant proportion of the 
mice in any given experiment. Hepatic 
tumors occurring in C3H mice in these ex- 
periments have not been recorded here 
since they did not occur in a higher propor- 
tion of the mice than the spontaneous 
incidence.” 

The early development of carcinoma of 
the breast in a high proportion of the 
females of the C3H strain and the high 
incidence of spontaneous hepatoma in 
C3H males constitute objections to the 


10 Cook and Kennaway (23, footnote, p. 386), com- 
menting on an earlier statement of Shear (2) that 
hepatomas were observed in three of the C3H mice and 
in one strain A mouse in an experiment with a derivative 
of 3, 4-benzpyrene, stated that since hepatomas occur 
spontaneously in C3H mice “‘it is uncertain whether 
treatment was responsible for all the tumors reported by 
Shear.’ The hepatomas which developed in that ex- 
periment were probably spontaneous in the case of C3H 
mice, and possibly spontaneous in the A mouse. These 
tumors were not stated to have been induced; their 
occurrence was merely “‘noted.”” A further discussion of 
hepatomas in C3H mice has been given in an earlier 


paper (26). 


employment of this strain for long-term 
assays of carcinogenic potency. However, 
Shimkin (27) considers that the sponta- 
neous hepatomas do not interfere with the 
use of these mice for subcutaneous testing 
and recommends the employment of C3H 
male mice. Since Shear and Leiter ' 
have found that there is a sex difference 


_in the response of strain A mice to the 


carcinogenic action of low doses of 3, 4- 
benzpyrene, it may be more valuable to 
employ, for some purposes, strains which 
permit the use of mice of both sexes. For 
these various reasons we prefer, as a routine 
procedure in current experiments, to use 
strain A mice of both sexes in each test. 
Of course, if a given material produces 
such severe ulceration in strain A mice as 
to interfere with the test, another strain 
may be employed in that special case. 


SUMMARY 


Twenty-two compounds related to 20- 
methylcholanthrene were injected sub- 
cutaneously into 475 mice of inbred strains, 
chiefly strain A. Carcinogenic potency 
was exhibited by 8 of the 22 compounds. 

"| Shear, M. 7., and Leiter, 7.: Unpublished experi- 


ments, briefly summarized in a previous paper (18) and 
in an abstract (28). 
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The Identification of Cells From Induced 
and Spontaneous Leukoses of Dilute 


Brown Mice !2 


By Marcaret REED Lewis, research associate, Department of Embryology, Carnegie Institution 
of Washington, and G. BurrouGcHs Miner, research fellow, National Cancer Institute, 
National Institute of Health, United States Public Health Service 


In previous studies (7—3), leukoses* were 
induced in mice of the dilute brown strain 
by painting them with solutions of methyl- 
cholanthrene after the method of Murphy 
and Sturm (4). It was found that the 
lesions were of two types: (1) Generalized 
lymphadenopathy associated with spleno- 
megaly, enlargement of the liver, and 
anasarca; and (2) a solitary mediastinal 
mass unaccompanied by other gross 
pathologic changes. No morphologic dif- 
ferences between the cells that character- 
ized the widespread infiltrations in the 
various organs and tissues when the dis- 
ease had become disseminated and those 
that formed the mediastinal mass, could 
be detected on histologic examination. 
All of the lesions contained many large, 
round cells with one or two large nuclei. 
Smaller multinucleated forms were pres- 
ent in some. 

Many immature mononuclear cells 
appeared in the peripheral blood of mice 
with the generalized leukosis causing a 
leukocytosis. The concentration of adult 
blood leukocytes was not markedly altered. 
Myelocytes did not appear. Peroxidase 
positive granules covld be demonstrated 
"1 From the Carnegie Institution of Washington, De- 
partment of Embryology, Baltimore; the Wistar Insti- 
tute of Anatomy and Biology, Philadelphia; and the 
National Cancer Institute, Bethesda, Md. 

2 This investigation was aided by a grant from the 
International Cancer Research Foundation. 

3 Leukosis is defined as—*‘Proliferation of leukocyte- 
forming tissue including myelosis and lymphadenosis. 
Such proliferation forms the basis of leukemia.” Dor- 


land, American Illustrated Medical Dictionary, 18th 
edition, W. B. Saunders Co., Philadelphia, 1939. 
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only in metamyelocytes or in polymor- 
phonuclear leukocytes. 

Further study of the cytogenesis of the 
immature leukocytes was facilitated by 
propagation of the leukoses in other dilute 
brown mice by subcutaneous injection of 
the buffy coat of the blood or pieces of 
the affected organs. The grafts grew 
equally well either in subline 212 of the 
dilute brown strain in which they origi- 
nated or in the dilute brown mice from 
the inbred stock originally obtained from 
Dr. W. S. Murray. Implantation of 
tissue from the local tumor of a mouse 
with a solitary mediastinal mass or from 
the liver, spleen, lymph nodes, or blood of 
a mouse with the generalized disease pro- 
duced flat, poorly defined, hemorrhagic 
invasive tumors in the subcutaneous tissue 
at the site of injection ‘1.1, B). The cells 
metastisized widely, producing enlarge- 
ment of the lymph nodes and spleen. 
Anasarca developed in the hosts, and im- 
mature leukocytes appeared in_ their 
blood. The hosts usually died 3 to 4 
weeks after injection. At necropsy the 
subcutaneous tumors were soft, gray, and 
hemorrhagic but contained little necrosis. 
In the dilute brown mice of our inbred 
Murray stock in which the neoplasms 
were grown, the edematous infiltrations 
about the subcutaneous tumors appeared 
pale green. The cell population, that is, 
the proportion of large mononuclear cells, 
large cells with two or more nuclei, and 
small multinucleated cells, of each of the 
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induced tumors was characteristic and 
did not change during the course of 
repeated passages. 

Two spontaneous leukoses that arose in 
subline 212 of the dilute brown strain were 
also studied. They, too, were charac- 
terized grossly by general lymphadenopa- 
thy and splenomegaly but were not ac- 
companied by anasarca. The transplan- 
tation of affected tissues to other dilute 
brown mice produced soft, gray-white, 
nonhemorrhagic masses at the site of 
Marked enlargement of the 
lymph nodes and spleen occurred, but 
hemorrhages, edema, and ascites were 
lacking (pl. 1, A). The round cells that 
characterized these leukoses were all 
mononuclear. The cell populations were 
homogeneous. 


inoculation. 


The presence of atypical cells in the 
induced lesions, the differences in the 
gross character of local tumors that arose 
as the result of transplantation, and the 
failure of the spontaneous leukoses to 
produce anasarca suggested that the two 
types of leukosis might have different 
origins. Since the differential diagnosis 
made on the basis of morphologic charac- 
teristics and standard tinctorial reactions 
was not entirely satisfactory, it was de- 
cided to study the behavior of the cells of 
the leukoses by means of motion pictures. 


Mononuclear phagocytes, myeloblasts, 
and lymphoblasts exhibit characteristic 
modes of locomotion when growing in 
tissue culture. Rich, Lewis, and Win- 
trobe (5) established criteria by which 
these cells may be identified and differen- 
tiated from one another by their mode of 
locomotion shown in motion pictures. 
Their findings have been summarized as 
follows (6): 

The mononuclear phagocytes of the tissues (‘‘histio- 
cytes”) and those of the circulating blood (‘‘monocytes’’) 
have an identical type of Jocomotion. They 
throw out large pseudopodia continually in all 


directions, from all sides of their body; their line 
of motion tends to change frequently and abruptly, 
so that they appear in the motion pictures to be 
continually darting first in one direction and then 
in another; and, finally their pseudopodia are 
bordered by a broad, filmy, ruffle-like margin 
which undulates continually, and which con- 
stitutes the most characteristic feature of these 
cells. When these cells become enlarged as a 
result of phagocytosis they retain their undulating 
pseudopodia but tend to migrate less actively. 

The myeloblasts have a peculiar, worm-like type 
of locomotion. They assume an elongated, cylin- 
drical form, and move in a twisting, writhing 
manner which makes it difficult to keep their 
entire body in focus for any length of time. They 
exhibit polarity, in the sense of maintaining for 
considerable periods of time an anterior and a 
posterior end during locomotion, in contrast to 
the histiocyte (monocyte) which continually 
changes its line of motion.in the direction of any 
new pseudopod that may be thrown out from any 
side of its body. Pseudopodia are present only 
at the anterior end of the myeloblast, where a 
small, actively moving fringe is seen. Occasion- 
ally, however, these cells suddenly reverse their 
direction of motion completely. At such times a 
fringe of little pseudopodia appear at what was 
previously the tail end, and as the cell starts off 
in the reverse direction the pseudopodia that were 
at the former anterior end disappear. 

The lymphoblasts exhibit in motion pictures a 
strikingly characteristic form, and type of locomo- 
tion. Instead of darting first in one direction and 
then in another, changing their shape continually, 
as do the histiocytes (monocytes), or wriggling 
forward in a twisting, worm-like manner, as do 
the myeloblasts, the lymphoblasts move forward 
in a steady, unperturbed manner, maintaining a 
persistent anterior and posterior end and a rather 
fixed shape. It is this shape which is the most 
characteristic feature of the lymphoblast. In 
motion this cell preserves a rounded contour, has 
a very narrow fringe of pseudopodia at the anterior 
margin only, and a rigid, tail-like process project- 
ing in the rear, giving the cell the general outlines 
of a hand-mirror. 


Eleven of the methylcholanthrene-in- 
duced leukoses that had been transplanted 
through more than 20 successive passages 
in dilute brown mice and the 2 spontaneous 
leukoses were studied in tissue culture. 
Motion pictures were made of the cells 
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PLATE 1 


A, Spontaneous leukosis in dilute brown mice. Natural size; B, Methylcholanthrene-induced leukosis 
in dilute brown mice. Natural size; C, Lymphoblasts and lymphocytes from a normal rabbit lymph 
node. X 600; D, Lymphocytes from one of the dilute brown mouse spontaneous leukoses. 600; 
E, Cells from mouse lymphosarcoma C3H 172. 600. 
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from cuitures of at least 2 different pas- 
sages of each tumor. 


METHOD 


Small pieces removed from the sub- 
cutaneous tumors produced by trans- 
plantation of grafts of the various tumors 
were cut up in Locke’s solution. A frag- 
ment about 1 mm. in diameter was 
placed upon a sterile cover glass and 
covered with a small drop of heparinized 
autoplasma obtained by adding heparin in 
amounts equivalent to 0.1 cc. of a 1: 1,000 
aqueous solution of heparin to 10 cc. of 
freshly drawn blood. Coagulation of the 
medium usually followed on contact with 
the explant but, if necessary, a drop of 
embryo extract was added to effect it. 
The cover glass was then inverted over a 
vaseline ring on a slide and sealed to the 
slide by pressure after which the prepara- 
tions were incubated at 38° C. The cells 
also grew well in a medium composed of: 


Parts 
Physiologic saline solution......... 7 
3 
2 


Aseptic conditions were maintained 
throughout the procedure of transplanta- 
tion of the leukoses and of the preparation 
of tissue cultures. 

The motile cells in the explant wandered 
into the surrounding medium. When 
migration was well under way, the actively 
moving cells were photographed with a 
motion picture camera placed above the 
evepiece of a microscope. The microscope 
was kept in a warm box at 37°C. The 
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pictures were taken at a rate of 40 frames 
per minute so that the movement of the 
cells was speeded up 24 times when the 
film was projected. 

The motion pictures of the cells from 
the leukoses were compared with those 
previously made of normal, of leukemic, 
and of neoplastic myeloid, lymphoid, and 
monocytic cells. 


OBSERVATIONS 


The characteristic cells of the majority 
of induced leukoses that appeared in early 
cultures were large mononuclear cells con- 
taining abundant mitochondria but lack- 
ing specific granules. The ratio of nucleus 
to cytoplasm was similar to that of normal 
myeloblasts (pl. 2, B and C). The nuclei 
were large and somewhat granular, with 
one or several large nucleoli. The cells 
migrated so slowly that only a few of 
them had grown out from the explants 
within 5 to 10 hours. This differed 
markedly from the extensive outgrowth of 
cells that takes place within 30 minutes in 
cultures of normal hematopoietic tissues. 

As the mononuclear cells migrated from 
the explants, many of them divided by 
mitosis. The majority of the resulting 
daughter cells were indistinguishable from 
other mononuclear cells, but some con- 
tained two nuclei owing to the failure of 
cytoplasmic division. The nuclei of these 
binucleate cells were usually equal in size 
and each apparently contained the diploid 
number of chromosomes. 

It was impossible to predict what the 
products of their further mitotic activity 


A, Myeloblasts from human acute myeloid leukemia; B, Myeloblasts from one of the methylcholanthrene- 
induced leukoses; C, Myeloblasts from another methylcholanthrene-induced leukosis; D, Neutrophiles 
from the buffy coat of human blood; £, Multinucleated cells from one of the induced leukoses; F, 
Small multinucleated cell and neighboring macrophages from one of the induced leukoses; G, Area 
of the growth of the myeloid cells showing some multinucleated cells and two macrophages; H, A 
myeloblast and three macrophages from one of the induced leukoses, J, Malignant monocytes from 


mouse monocytoma C57 255. » 600. 
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PLATE 2 
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might be. 
served: 

(1) The two nuclei again divided with- 
out cytoplasmic division. This produced 
multinucleated forms with several nuclei 
of equal size. Sometimes the cytoplasm 
also divided giving rise to several small 
mononuclear cells. 

(2) In some instances the chromosomes 
of the iwo nuclei became arranged on a 
single equatorial plate. At telophase, if 
division of the cytoplasm occurred, two 
mononuclear cells each containing double 
the number of chromosomes of the original 
nuclei were produced; or, if the spindles 
were slanting so that the poles were far 
apart on one side and close together on 
the other, then one of the cells acquired 
two nuclei, each with the diploid number 
of chromosomes, and the other cell re- 
ceived two sets of chromosomes resulting 
in a double-sized nucleus. 

(3) Mitosis proceeded in the usual 
manner until anaphase when some of the 
chromosomes along the equatorial plate 
failed to migrate toward the poles. The 
chromosomes that migrated formed two 
nuclef, and those that failed to migrate 
formed small nuclei or nuclear vesicles 
depending upon the number of aberrant 
chromosomes. 


Several processes were ob- 


Combinations of these mitotic aberra- 
tions resulted in bizarre cells with many 
separate nuclei of unequal size. Tripolar 
and multipolar mitoses were observed also. 

Multinuclear forms increesed during the 
first 24 hours of the cultures (pl. 2, G), but 
thereafter they became difficult to follow 
owing to their overgrowth by macrophages 
and other cells. The multi- 
nucleated leukocytes contained a _ rela- 
tively larger amount of nuclear material 
(pl. 2, £), although in many instances 
they were actually smaller than the parent 
mononuclear cells. The ratio of nucleus 
to cytoplasm was much greater than in 


stroma 


any of the normal polymorphonuclear 
white blood cells (pl. 2, D), and the meager 
amount of cytoplasm appeared to hinder 
the locomotion of the cells (pl. 2, F). 
The cell population of certain of the 
transplanted tumors contained a larger 
proportion of multinucleated than oj 
mononuclear cells, and in the early cul- 
tures of these tumors many multinucleated 
cells were already present (pl. 2, £). 

Motion picture studies showed that the 
large mononuclear cells moved slowly. 
with a twisting, writhing motion (pl. 2. 
B and C). The cells were more or less 
round in the resting state but became 
elongated while migrating (pl. 2, B and 
C). The advancing end of the cell formed 
rather narrow pseudopodia that extended 
some distance beyond the nucleus and 
frequently dipped into the nutrient clot. 
As the processes projected out from the 
cell, the nucleus flowed into the advancing 
portion through a constriction ring (pl. 2, 
C). During this twisting motion the cell 
left the plane of focus but returned to it at 
intervals. Elongated cells were seen to 
reverse their polarity. The nucleus lying 
in the anterior part of a cell flowed through 
the cytoplasm to the posterior region 
which then became the advancing end. 
This mode of locomotion resembled that 
previously found to be characteristic of the 
myeloblasts in motion pictures of normal 
bone marrow or leukemic blood (pl. 2, 
A) and of myeloblastic sarcomas. In a 
number of instances the locomotion of the 
larger multinucleated cells also resembled 
that of myeloblasts. 

The smaller multinucleated cells with 
their relatively large amount of nuclear 
material did not migrate far in the cul- 
tures. Instead, in the majority of the 
cultures, they formed compact areas of 
clear, more or less round cells exhibiting 
many mitotic figures aad lying among the 
abundant growth of stroma cells and 
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macrophages (pl. 2, G). The cells at the 
periphery became separated and migrated 
beyond the areas. They moved by ad- 
vancing a portion of cytoplasm into which 
the nuclei flowed. Although their move- 
ment was restricted, it was evident that 
their mode of locomotion simulated that of 
polymorphonuclear cells (pl. 2, D and 
E). 

A prominent characteristic in the tissue 
cultures of the spontaneous leukoses was 
the rapid proliferation of the stroma which 
in 20 hours approximated that of 4-day- 
old cultures of normal lymph nodes (pl. 
1, Dand E). The stroma was composed of 
mesothelium, fibroblasts, endothelial cells, 
and many macrophages. Large mononu- 
clear cells containing abundant mito- 
chondria grew out among the stroma cells 
in the cultures of the spontaneous leukoses 
by the time the cultures were 20 hours old, 
but these cells did not migrate beyond the 
growing stroma cells. Mitotic division of 
the large mononuclear cells produced 
mononuclear daughter cells that appeared 
the same as the parent cell. No bizarre 
forms were present. 

Studies of the mode of locomotion of the 
mononuclear cells of the spontaneous 
leukoses showed that they moved in a 
manner different from that characteristic 
of the cells of the induced leukoses. They 
moved along the cover glass with a steady, 
progressive gait and remained in focus 
throughout their migration. A narrow 
rim of cytoplasm formed the advancing 
portion of the cell. The large nucleus 
followed and passed through a constriction 
ring. The remaining cytoplasm pro- 
truded posteriorly as a small tail-like 
process (pl. 1, D). The cells occasionally 
stopped for a short time during migra- 
tion. When they changed the direction 
of their movement, the advancing edge 
led the rest of the cell. Reversal of 
polarity did not occur. The mode of 


locomotion of the cells of one of these 
leukoses resembled that of lymphocytes 
(7, 8) rather than that of lymphoblasts, 
while that of the cells of the other spon- 
taneous leukosis resembled that of large 
lymphocytes and lymphoblasts rather than 
lymphocytes only. 

The characteristics exhibited in motion 
pictures by the cells from the two spon- 
taneous leukoses of dilute brown mice 
were similar to those shown by the cells 
from normal lymph nodes (pl. 1, A and 
C) from lymphoid leukemias and from the 
lymphosarcomas previously described (pl. 
1, E) (9). 

In the cultures of both the induced and 
the spontaneous leukoses macrophages as 
well as fibroblasts and endothelial cells 
were present so that it was possible to 
photograph the specific cells of the tumor 
together with neighboring macrophages 
(pl. 1, D and E; pl. 2, F, G, and H). 
In these, the marked differences between 
the mononuclear phagocytes with their 
undulating, sheetlike processes extending 
in all directions and the smaller specific 
cell migrating in a manner like that of a 
lymphocyte or of a myeloblast were 
apparent. When the motion pictures of 
the cells from the leukoses were compared 
with those of malignant mononuclear 
phagocytes (/0) (pl. 2, 7), it became 
evident that while the cells of the induced 
and spontaneous leukoses resembled my- 
eloid and lymphoid cells, respectively, they 
bore no resemblance either morphologi- 
cally or in their method of locomotion to 
the normal or the neoplastic inononuclear 
phagocytes, 


SUMMARY 


The behavior of the characteristic cells 
of the leukoses induced in dilute brown 
mice by methylcholanthrene was com- 
pared by means of motion picture studies 
with that of normal and of malignant white 
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blood cells. It was found that their mode 
of locomotion resembled that of the myelo- 
blasts from normal bone marrow, from 
leukemic blood, and from myeloblastic 
sarcomas, but differed from that of 
lymphoblasts and mononuclear phagocytes 
from normal tissue and from lymphosar- 
comas and monocytomas. 


The behavior of the characteristic cells of 
one of the spontaneous leukoses of dilute 
brown mice simulated that of lymphocytes, 
while that of the other spontaneous leuko- 
sis resembled more nearly that of large 
lymphocytes and lymphoblasts found in 
normal lymph nodes and in certain 
lymphosarcomas. 
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Spontaneous Regression of Myelomas 
and of Their Metastatic Growths 


By MarGareT REED Lewis, research associate, Department of Embryology, Carnegie Institution of 
Washington, and G. BurrouGHs Miner, research fellow, National Cancer Institute, National 
Institute of Health, United States Public Health Service 


In our present investigation of the trans- 
missible tumors (M tumors)* brought about 
by the transplantation into normal mice 
of the buffy coat, lymph node, or spleen 
of certain of the dilute brown mice that 
developed leukoses when painted with 
methylcholanthrene (/, 2), it was found 
that three of the tumors obtained in this 
manner were almost 100 percent trans- 
plantable into mice of the Bagg albino 
strain. By doubling the size of the grafts 
that were implanted and transplanting the 
one that grew into the largest mass within 
8 days, it was possible to transplant these 
three M tumors serially in Bagg albino 
mice. The grafts grew to a large size in 
every one of the mice in which the third 
and later serial passages were implanted. 

Studies of sections of these three tumors 
and of the organs of their hosts, in addition 
to motion pictures of their cells in tissue 
cultures, showed that they were composed 
of myeloid rather than of lymphoid cells 
(3). The growth of subcutaneous grafts 
of these myelomas in mice of their strain 
of origin (dilute brown) was accompanied 
by accumulation of greenish fluid in the 
surrounding tissue, by bilateral edema, 
and by clear or bloody ascites. The 
neoplastic cells invaded the surrounding 
tissue more rapidly than they grew in 


' From the Department of Embryology, Carnegie 
Institution of Washington, Baltimore; the Wistar In- 
stitute of Anatomy and Biology, Philadelphia; and the 
Nationa! Cancer Institute, Bethesda, Md. 

2 Aided by a grant from the International Cancer 
Research Fund. 

3M signifies myeloid tumors resulting from the trans- 
plantation of tissue from the methylcholanthrene-induced 
leukoses brought about by Morton and Mider. 


thickness, the result being wide, flat, 
hemorrhagic, invasive tumors that ex- 
tended anteriorly and posteriorly from the 
point of injection. 


The peculiar tumor growth, together 
with the bilateral edema induced in their 
hosts, resulted in a characteristic, wide, 
swollen, somewhat square appearance of 
the tumor-bearing animals. The myeloid 
cells metastasized to the lymp nodes and 
spleensof the engrafted mice, although these 
organs did not exhibit the great enlarge- 
ment that occurs in mice bearing lympho- 
sarcomas. 


When any one of the three tumors 
(M6, M7, and M8) was transplanted 
subcutaneously into mice of the Bagg 
albino strain, * its growth brought about 
the characteristic swollen, square appear- 
ance of its hosts and was accompanied by 
bilateral accumulation of fluid in the 
subcutaneous tissue, although ascites 
seldom occurred. The cells of the graft 
multiplied, invaded the neighboring tis- 
sues, and formed hemorrhagic tumors sur- 
rounded by greenish edematous tissue. 
The spleens of the tumor-bearing Bagg 
albino mice became enlarged, but the 
lymph nodes exhibited only a_ slight 
increase in size. Nevertheless, it was 
evident that metastases were present in 
these organs, for the implantation of 
fragments of either lymph node or spleen 


into susceptible (dilute brewn) mice 


+ Grefts of the tumers grew in mice of the A albino 
and the C57 Black strains, but these mice were less 
favorable hosts for their grcwth than those of the Bagg 
albino strain. 
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resulted in hemorrhagic, edematous tu- 
mors at the injection site. The presence of 
metastatic growths in the tumor-bearing 
animal even after many serial transplanta- 
tions in Bagg albino mice was demon- 
strated in this manner as well as by histologic 
preparations. 

The grafts of the three myelomas im- 
planted in mice of their own strain of 
origin (dilute brown) and those implanted 
in mice of another strain (Bagg albino) 
grew at about the same rate and attained 
a transplantable size (20 x 15 x 10 mm.) 
on the eighth day after implantation. 
At this time, the tumors growing in the ani- 
mals of the two strains were indistinguish- 
able; and if they were transplanted then, 
no appreciable difference occurred in their 
behavior for each one grew in the charac- 
teristic manner in the mice in which it was 
implanted, regardless of whether the hosts 
were dilute brown or Bagg albino mice. 

It was only when the tumors were per- 
mitted to remain in the mice longer than 
8 days that the genetic influence of the 
host became apparent. In the dilute 
brown mice, the tumor continued to grow, 
the edema increased, the skin became 
more swollen but remained intact over 
the tumor, and the draining lymph nodes 
and the spleen increased in size. The 
mice became anemic and sluggish; their 
hair often stood erect because of the 
edematous distension of the skin; and they 
died approximately 12 days after the im- 
plantation. In the Bagg albino mice, 
some of the smaller tumors began to 
regress on the eighth day and within a 
few days thereafter disappeared. The 
larger tumors continued to grow and in 
many instances by the tenth day had 
reached a size equal to that of the terminal 
tumors in the dilute brown mice. The 
characteristic edema began to subside as 
the tumor reached the height of its growth. 
The skin over the tumor became dry and 
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encrusted or remained intact, depending 
upon the extent of its invasion by the 
neoplastic cells. The majority of the 
tumors began to regress by the eleventh 
day, and they completely disappeared 
within a few days. Notwithstanding the 
large size (in a few instances the tumors 
measured 35 x 20 x 15 mm.) to which 
the tumors grew and their widespread 
metastases, the majority of the Bagg albino 
mice survived the regression of the tumors 
and regained their normal appearance 
and health shortly after the dilute brown 
mice succumbed to their tumor growths. 

Mice in which any one of these M 
tumors grew and regressed proved to be 
immune from the growth of another graft 
of the same or of another of the M tumors, 
but not from the growth of a sarcoma 
from the same or another strain. 

The results of these experiments confirm 
the conclusions reached in earlier investi- 
gations (4, 5) that the growth of tumor 
grafts is governed by intrinsic factors such 
as the growth energy of the tumor and the 
genetic constitution of the host in which it 
originated and by extrinsic factors such as 
the genetic constitution of the engrafted 
host and the treatment the hest had 
previously received. We realize that the 
phenomena included in the growth of 
grafts of the M tumors with accompanying 
edema and metastases resulting in the 
death of the hosts of one strain and the 
recovery of the hosts of another strain may 
be controlled primarily by genetic factors. 
If, however, these phenomena should be 
reflected in some detectable biochemical 
condition, then these three myelomas, 
which possess such extraordinary power to 
grow and metastasize in alien strain mice 
as well as in mice of the strain of their 
origin, furnish material admirably suited 
for investigations on possible biochemical 
changes that may influence the growth of 
tumor grafts. 
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SUMMARY 


By transplanting the hematopoietic tis- 
sue from mice with methylcholanthrene- 
induced leukoses, we discovered three 
tumors that grew, metastasized, and 
brought about a characteristic edematous 
condition in their hosts when transplanted 
into mice of the strain of their origin 
(dilute brown) and also when transplanted 
into mice of another strain (Bagg albino). 


Grafis of these tumors grew with the 
same speed and attained about the same 
size, whether transplanted serially into mice 
of their strain or into those of the other 
strain. When the tumors were not trans- 
planted but allowed to remain in their 
hosts, they continued to grow in those of 
their native strain and brought about the 
deaths of their hosts, whereas they re- 
gressed in hosts cf the other strain and their 
hosts recovered. 
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Relationship Between Susceptibility to 
Induced Pulmonary Tumors and Cer- 
tain Known Genes in Mice 


By W. E. Heston, research fellow, National Cancer Institute, National Institute of Health, 
United States Public Health Service 


During the past 3 years experiments 
have been conducted in an attempt to 
ascertain whether or not susceptibility to 
induced pulmonary tumors is associated 
with certain chromosomes of the mouse. 
This has been done by testing for linkage 
between susceptibility and various char- 
acters controlled by known genes which 
are carried on the different chromosomes. 
The tests were made with backcross gen- 
erations, a procedure which reveals not 
only true linkage existing between two 
characters, i. e€., a condition in which 
genes controlling each of the two char- 
acters are carried on the same pair of 
chromosomes, but also any relationship 
occurring between two characters due to 
the fact that both characters are influ- 
enced by the same gene. Data which 
have already been reported (7) failed to 
give evidence of linkage to any of the five 
coat-color genes, brown, agouti, dilution, 
leaden, and piebald, all of which are 
located on different chromosomes. 

The purpose of this paper is to present 
data which show that susceptibility to 
induced pulmonary tumors is associated 
with the chromosome bearing the linked 
genes shaker-2 (sh-2) and waved-2 (w-2) 
and also the chromosome carrying the 
flexed-tail gene (f). That susceptibility is 
probably not linked with waltzing (v) or 
waved-1 (w-/) is also demonstrated. 


DESCRIPTION OF CHARACTERS 
TESTED 

Shaker-2 is a simple recessive character 

described by Dobrovolskaia-Zavadskaia 


(2) in 1928. It is characterized by nerv- 
ous, rapid, up-and-down movements of 
the head and a tendency for the mouse to 
run in circles in much the same manner 
as the waltzing mouse does. Waved-2, 
described by Keeler (3) in 1935, is likewise 
due to a recessive gene which is located on 
the same chromosome as the shaker-2 
gene. That the two factors are linked 
was established by Snell and Law (4). 
Waved-2 is similar to waved-1 in that the 
coat is waved and the bristles are shortened 
and curled, but the two characters are 
controlled by different genes. Waved-1 
is also a recessive unit-character (5). 

The flexed-tail character, which was 
described by Hunt, Mixter, and Permar 
(6) in 1933, is characterized by stiff, 
angular bends or spirals in the tail or by 
rigid segments without flexures. Newborn 
flexed-tailed young are anemic. The 
character is inherited as a simple recessive 
with normal overlaps. 

Waltzing is a well-known recessive char- 
acter in mice which manifests itself as a 
defect of the inner ear causing deafness and 
a tendency to run in circles (7). Waltzing 
mice show reduced size and viability. 


EXPERIMENTAL PROCEDURE 
EXPERIMENT 1 


Experiment 1 provided the test for link- 
age between susceptibility and the linked 
genes, shaker-2 and waved-2, and also the 
flexed-tail gene. 

Strain A mice, which show a high degree 
of susceptibility to both spontaneous and 
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induced pulmonary tumors, were em- 
ployed as the susceptible strain (7, 8, 9, 70). 
These animals were derived from strain 
A mice obtained in 1938 from Dr. J. J. 
Bittner, at the Roscoe B. Jackson Memo- 
rial Laboratory. The three genes, shaker- 
2, waved-2, and flexed-tail, were intro- 
duced into the experiment by strain W 
mice. This strain was developed by Dr. 
G. D. Snell at the same laboratory. Strain 
W is unique in that the mice carry these 
three recessive genes in the homozygous 
condition, thus making the strain par- 
ticularly valuable for linkage studies. 

Strain W mice, homozygous for the three 
recessive genes, were mated to the sus- 
ceptible strain A mice, which carry none 
of these three factors. The F, animals 
thus produced were backcrossed to the 
parent strain W. In this backcross genera- 
tion one would expect the segregation of 
the factors to give rise to a 50:50 ratio 
between mice with waved coats (w-2w-2) 
and those having normal coats (W-2w-2), 
between shaker mice (sh-2sh-2) and these 
that were normal with respect to shaker 
(Sh-2sh-2), and between flexed-tailed ani- 
mals (ff) and those with normal tails 
(Ff). In the case of the flexed-tail gene, 
however, normal overlaps occur, thus 
giving a preponderance of normal-tailed 
individuals. The shaker-2 and waved-2 
genes would be expected to remain 
together with the exception of the cross- 
over cases. 

In figure 1 the segregation of these 
factors is demonstrated. As can be ob- 
served, any evidence of linkage would 
appear in that the mice showing the 
normal trait derived from the A strain 
would display a higher degree of sus- 
ceptibility than those homozygous for the 
recessive factor coming from the W strain. 

One hundred and two of these backcross 
mice were reared and tested. At 4 weeks 
of age they were weaned, individually 


marked, and classified as to whether they 
were shaker or normal, waved-coated or 
normal-coated, and flexed-tailed or nor- 
mal-tailed. At 12 weeks (84 days) of 
age each animal was injected subcuta- 
neously on the back with 0.5 mg. of 20- 
methylcholanthrene dispersed in 0.5 ml. 
of horse serum.'! Sixteen weeks following 
the injection, i. e., at 196 days of age, each 
animal was killed by cervical dislocation; 
the nodules appearing on the surface of 
the lungs were counted with the aid of a 
dissecting microscope, and the number was 
recorded. 


EXPERIMENT 2 


A similar procedure was followed in the 
second experiment which tested for linkage 
between susceptibility and the two charac- 
ters waltzing and waved-1. 

Strain A mice were again used as the 
susceptible strain, but in this case they 
were outcrossed to strain V mice which 
were homozygous for the two recessive 
characters, waltzing and waved-1. Strain 
V was also developed by Dr. Snell. The 
F, animals were backcrossed to the parent 
strain V, thus producing a generation in 
which one could expect a 50:50 ratio 
between waltzers (vv) and nonwaltzers 
(Vv) and between mice with waved coats 
(w-lw-7) and those with normal coats 
(W-lw-1). Actual count at the time the 
animals entered the experiment showed 
that the number of waltzers was less than 
the expectancy. This was probably due 
to the lower viability of the waltzing indi- 
viduals. 

Ninety-nine backcross animals were 
reared and tested in this experiment. 
They were treated as in the preceding 
experiment except that the injection was 
given intravenously into the tail and the 
“1, he author is indebted to Dr. Egon Lorenz, of the 


National Cancer Institute, for the preparation of this 
dispersion. 
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STRAIN -A STRAIN - W 
norma COST th-2* shoker-2 
sh-2- W-2=normal coat 
1. W-2 w-2 -w-2 w-2 w-2= waved- 2 
sh-2- sh-2 
wiih STRAIN - W 
“normal shaker, waved coat 
Sh-2 sh-2 sh-2 sh-2 
crossovers W-2 q 
normal, waved coat shaker, normal coat 


Ficurt 1.—The development of the AWF, * W backcross generation diagrammatically illustrated, with 
the pair of chromosomes carrying shaker-2 and waved-2. 


animals were killed 12 weeks after the 
injection, i. e., at 168 days of age. 

In both experiments all animals were 
maintained in wooden cages and had 
access to a constant supply of Purina dog 
chow pellets and tap water. 


RESULTS 


When the AWF, W backcross animals 
classified as normal in respect to the 
shaker-2 and waved-2 genes (Sh-2W-2 
sh-2w-2) were — with the shaker- 
waved animals (sh-2w-2 sh-2w- as to 
whether or not they had developed pul- 
monary tumors, it was found that a higher 
percentage of animals with tumors ap- 
peared in the group of normal mice than 
in the shaker-waved group (table 1). 
The difference between the two groups 
was quite significant statistically: x? = 5.5; 
P = 0.018. This indicated that suscepti- 


bility was associated with the chromosome 
bearing the normal alleles of the shaker-2 
and waved-2 genes and originating in the 
parent strain A. 


Tasie 1.—Incidence of pulmonary tumors in baclcross 
mice classified according to genotype 


Mice with 
tumors 


- | Mice without 
Genotype tumors 


(AWF)-WBC) 


| 


\Number, Percent | Percent 
74.4 


Sh- 2 sh- 2u-2 | 10 | 25.6 
sh-2w-2 sh-2w-2 | 51.2] 20 48.8 
Sh-2w-2 sh-2w-2 | 2 | 9 
sh-2W-2 sh-2w-2 6 | 5 
Sh-2 sh-2 | 12 24.0 38 76.0 
sh-2 sh-2 | 27 51.9 25; 4.1 
W-2w-2 16 32.0 34) 68.0 
w-2w-2 23 | 44.2 | 2) 55.8 
Ff... | | 2.0; 49| 710 
19 | 57.6 | 42.4 

(AVF,-VBC) | 

Vo. 32} 50.0 | 32 50.0 
vv... 18 51.4 17 48.6 
W-1w-1__. 23) 44.2 29) «55.8 


27 | 57.4 20) 42.6 


e | 
| 
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An even more striking difference was 
observed when shaker animals (sh-2sh-2) 
were compared with nonshaker (Sh-2sh-2) 
irrespective of the waved-2 gene, thus 
including the 22 cross-over mice that did 
not enter the previous comparison. The 
group of nonshakers bearing the normal 
allele (Sh-2) from the A strain showed a 
decidedly higher degree of susceptibility 
than did the shakers. In this case x?= 
8.415; P <0.01. However, when clas- 
sified 2s to whether they had a waved coat 
(w-2w-2) or a normal coat (W-2w-2) 
irrespective of the shaker gene, it was 
found that the degree of susceptibility 
displayed by the mice with normal coats 
was not significantly greater than that of 
the waved mice: x?=1.614; P=0.206. 

Relative to the flexed-tail gene, normal- 
tailed (Ff) mice bearing the dominant 
factor from the susceptible A strain showed 
a higher degree of susceptibility than did 
the flexed-tailed (ff) animals. In_ this 
case the difference was highly significant: 
x?=7.73; P <0.01. Thus, there was also 
evidence of an association between sus- 
ceptibility to induced pulmonary tumors 
and the chromosome bearing the flexed- 
tail gene locus. 
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Comparable differences were also noted 
between these various groups when they 
were compared as to the number of 
nodules per individual (table 2). In 
each case the group of mice showing the 
recessive character had a lower mean 
number of nodules than the group carry- 
ing the dominant allele derived from the 
susceptible strain A. 

In the analysis of the AVF, V back- 
cross mice of experiment 2, no indication 
of linkage between susceptibility to induced 
pulmonary tumors and the waltzing-gene 
locus or the waved-1 locus was found 
(table 1). Nodifference occurred between 
the degree of susceptibility of the waltzing 
(vv) mice and that of the nonwaltzers (Vv), 
and the difference between the waved 
(w-/w-7) animals and those with normal 
coats (W-/w-/) was not significant x?= 
1.72; P=0.19. The data on the number 
of nodules per individual also gave no 
tenable evidence of linkage for these two 
characters (table 2). 


DISCUSSION 


It is conclusively shown that there is a 
relationship between susceptibility to in- 
duced pulmonary tumors and the linked 


Tasie 2.—Backcross mice classified according to genotype and compared as to number of nodules per individual 


Genotype 


(AWF,-WBC) 


| 
Sh-2 W-2 sh-2w-2 7] 4] 3} 
sh-2w-2 3 2 | 
sh-2W-2 sh-2w-2__ |} 6) 2) 1 1 | 
Sh-2sh-2_ __ | 12110] 6 4| 1}; 1] 2 
sh-2sh-2 4 2) | 
W-20-2.. l16| 9| 5| 4] 
w-2w-2 23) iu) 9) 4] 3) 1) 1 
Ff (20/15/10) 6) 2| | 2 
| 
(AVF;-VBC) | | 
Vo.. 8] 4) 3| 1 
op | 8} 1) 2) 2) 1) 1 
W-lw-l 23|13| 4| 5| 2] 1] 1 
| 


Mice showing given number of tumors per individual 


1 12 14 


| 

| Mean 
num- 
16 | 17) 18 ber 


: 
42° 
| | 
= | | | 
2) 2) a} af at 485 
} | } | 
| 
21.9) lala 4.28 
2} 1/4 a} a] af a 1) 3.38 
| | | 1) 1. 30 
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genes, shaker-2 and waved-2, and the gene 
for flexed-tail. However, the exact nature 
of this relationship cannot be determined 
from the data at hand. It may be that 
there are susceptibility factors carried on 
these two pairs of chromosomes along with 
these known gene loci. On the other 
hand, the condition may be one in which 
these genes themselves are affecting the 
susceptibility of the animal in that they 
tend to lower the degree of susceptibility 
when they are present in the homozygous 
condition. Proving that either one or the 
other condition existed, however, would 
only add to the original observation. 

Little (/7) showed that susceptibility to 
spontaneous mammary-gland tumors was 
associated with the lethal yellow gene 
(AY) and concluded that the action was 
probably due to the lethal yellow gene 
itself rather than that the condition was 
one of true linkage. He also found some 
indication of a relationship between 
spontaneous mammary-gland tumors and 
the dilution gene (d). Bittner (7/2) pre- 
sented data which indicate a linkage be- 
tween the dilution gene and three trans- 
planted tumors. 

Some of the results of these experiments 
gave an indication that the relationship 
between susceptibility and the two linked 
genes, shaker-2 and waved-2, was not true 
linkage but that the lowering of the degree 
of susceptibility was a secondary manifes- 
tation of the shaker-2 gene. The Sh-2sh-2 
mice were significantly more susceptible 
than were sh-2sh-2 animals, whereas the 
difference between W-2w-2 and w-2w-2 
mice was not significant. However, a 
condition in which a factor (or factors) for 
susceptibility was located on the chro- 
mosome much closer to shaker-2 than to 
waved-2 might also give results such as 
these. Further work will be necessary to 
clarify this point. 

Cases in which two characters were 

414687—41——-3 


found to be related in that they were both 
influenced by the same gene instead of two 
linked genes have been encountered in 
other fields of genetics. Castle (73), Law 
(74), and others have found that particular 
coat-color genes influence body size in the 
mouse, rat, and also the rabbit. They 
have shown that brown (6) and dilution 
(d), when homozygous and acting singly, 
are favorable to growth, while pink-eye 
(p), leaden (/n), and pallid (pa) diminish 
body size. Thus, one might well expect 
to find that susceptibility to the develop- 
ment of various neoplasms was influenced 
by genes for other characters. 

Inherited diseases other than tumors 
which show evidence of being genetically 
associated wich other inherited characters, 
in some cases other diseases, occur in man. 
Cockayne (75) presents a number of cases 
in which there is some evidence of linkage 
between different inherited abnormalities 
of the skin and its appendages and also 
between these abnormalities and other in- 
herited characters. For example, dark 
pigmentation of the hair is probably 
linked with monilethrix and also with 
liability to alopecia areata. Other ex- 
amples which are probably better known 
are those conditions controlled by genes 
carried on the X chromosome and are 
thus linked with each other. Hemophilia 
and red-green blindness are two well- 
known characters linked in this way 
(16). 

That susceptibility to induced pulmonary 
tumors is associated with more than one 
pair of chromosomes is not unique. As 
early as 1929 Lindstrom (/7) showed that 
genes for the quantitative character row 
number in maize were linked with those 
for such qualitative characters as endo- 
sperm texture, endosperm color, and cob 
color, thus indicating that the genes for 
row number were localized on the third, 
fifth, and sixth chromosomes. Similar 
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linkage was also demonstrated in the 
tomato. 

The demonstration that susceptibility to 
induced pulmonary tumors is associated 
with more than one chromosome in the 
mouse is decidedly significant, however, 
in that it adds to the evidence that multiple 
genes are at work in controlling the degree 
of susceptibility of mice to this type of 
neoplasm. 

SUMMARY 

A relationship between susceptibility to 
induced pulmonary tumors and certain 
known genes has been shown. 

Susceptibility is associated with the 


chromosome carrying the shaker-2 and 
waved-2 genes, as was evidenced by the fact 
that in the backcross animals the shaker- 
waved mice showed a lesser degree of 
susceptibility than did the nonshaker nor- 
mal-coated mice. 

Susceptibility is also associated with the 
chromosome bearing the flexed-tail gene. 
Normal-tailed backcross animals were 
more susceptible than were those with 
flexed tails. 

No evidence was found for linkage be- 
tween susceptibility to induced pulmonary 
tumors and the waltzing or waved-1 char- 
acters. 
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Program for Research on the Biology of 
Human Cancer ' 


By C. C. Lirte, Director, Roscoe B. Jackson Memorial Laboratory 


INTRODUCTION 


A consideration of human heredity in 
relation to the cancer problem is compli- 
cated fundamentally by the nature of the 
disease on the one hand and the nature of 
human biology on the other. For this 
reason it will be desirable to analyze at 
some little length these two topics in order 
to determine the bearing which they may 
have upon the probability of obtaining 
results of value for any one of a number of 
scientific purposes. 

Such purposes also may vary and will be 
taken up in the discussion following the 
review of the factors which influence the 
experimental approach to the problem. 


BIOLOGICAL NATURE OF CANCER 


Cancer differs from many other charac- 
ters studied in the following respects: 

(1) It is a form of growthcharacterized 
by certain morphologic ‘“‘end results.” 
The real, essential characteristic of cancer 
is that growth is uncontrolled and un- 
diminished in its rate. As a result of this 
process the masses of tissue produced are 
frequently irregular and undifferentiated 
and are apt to encroach upon, or invade 
underlying or adjoining tissues. This is 
the stage at which cancer is commonly 
identifiable although theoretically it should 
be possible, if we had improved methods 
at our command, to detect its presence in 
early stages which precede the formation 
of palpable or superficially recognizable 
masses. The existence of cancer is diffi- 
cult to prove at these stages because 


1 Submitted at the request of the National Advisory 
Cancer Council at its meeting on June 2, 1941. 


theoretically the process might start in any 
of a number of locations and might be 
blocked or stopped by factors which we 
would never recognize or even discern by 
present methods. If this situationexisted, 
there would be a number of individuals 
potentially and even actually cancerous 
that were not recognized as such because 
the process of abnormal growth started 
and stopped without being observed or 
recorded. Calculation of mathematical 
ratios of incidence in any population would 
thus be very complicated and open to 
distinct inaccuracies. Evidence that such 
a situation aciually does exist in animals 
is provided by the work of Fekete and 
others in histologic studies of the mam- 
mary glands of mice belonging to strains 
in which the incidence of breast cancer is 
high. These mice frequently show mul- 
tiple sites of hyperplasia, with clear evi- 
dence that the actual number of malig- 
nant tumors ever recorded in a single 
individual is distinctly lower than these 
centers of preliminary abnormal growth. 
From the point of view of genetics, the 
ability to form such centers of abnormal 
growth may be the matter of chief im- 
portance while the progress of this growth 
to the formation of a recognizable cancer 
may be dependent upon secondary factors 
of the internal environment of nongenetic 
or certainly non-Mendelian nature. 

(2) Cancer is a general term used to 
cover or describe a condition in a number 
of different tissues and organs in which 
uncontrolled growth occurs. It is, there- 
fore, open to criticism that any attempt to 
treat it as a unit will undoubtedly lead to 
confusion and to difficulties in analysis. 
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Just as the evidence of individual develop- 
ment demonstrates a distinct origin for 
various types of tissue and a series of 
different factors which influence their 
development, so the origin of a lack of 
growth control in any given tissue or 
organ may well be an entirely different 
phenomenon from that underlying some- 
what similar manifestations elsewhere. 
This means that in studying the genetics 
or biology of cancer in either man or 
animals accurate records supplemented by 
histologic diagnosis must be made in order 
to be certain that in any given population 
we are dealing with the same problem and 
not with a number of different ones. 
Records of the incidence of cancer as well 
as that of a great many other diseases in 
man depend at present very largely upon 
hearsay evidence which is never entirely 
satisfactory. Before any adequate experi- 
mental studies in human heredity and 
cancer could be carried out there would 
have to be a system of careful recording so 
that there would be no doubt either as to 
the actual incidence of cancer or the type 
involved in any particular family or 
individual. 

(3) The incidence and development of 
cancer are influenced by many factors in 
addition to genes. Among these are such 
variable and complex characters as age, 
sex, occupation, and perhaps even diet. 
Irritation as such also plays an important 
role in increasing the probability of cancer. 
A given tissue in a certain individual may 
have a potentiality for development of un- 
controlled growth. This potentiality may, 
however, be distinctly altered by various 
types of irritation which have a marked 
influence on the type of response which the 
tissue gives. In material which can be 
controlled genetically, such as strains of 
inbred mice, these various factors can be 
isolated and studied separately and more 
or less accurate value can be placed upon 
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each of them. In human beings, however. 
that type of control is impossible; and the 
degree to which an individual is subject to 
environmental factors that influence can- 
cer production is extremely difficult of de- 
tection and measurement. 

(4) In accepting as a working hypothesis 
the statement that cancer fulfills the re- 
quirements of a somatic mutation, namely. 
a sudden change in the physiology ofa 
cell, which change is perpetuated in suc- 
ceeding cell generations, it must be noted 
that there are already on record two dis- 
tinct general types of somatic mutation, 
either of which might be involved in the 
appearance of cancer. One of these is 
the result of internal envirnonmental 
changes directed by one or more genes. 
The other has a sporadic etiology depend- 
ent on various influences which affect in- 
dividual cells or groups of cells directly. 
In the first category belong such cases as 
mutations in color genes in_ rodents 
described by Castle, Pincus, Bittner, and 
others. One of Castle’s cases is particu- 
larly interesting in that it shows several 
cases of mutation occurring in several gen- 
erations of a single family of rabbits, thus 
indicating a definite genetic basis. Cases 
of the second type have been recorded as 
the result of exposure to radioactive agents. 

We must recognize, therefore, that can- 
cer itself, as the character which we wish to 
investigate, is very complex and presents 
very definite difficulties as a topic for study 
and analysis. 


PROBLEMS OF HUMAN HEREDITY 


The investigation of heredity in man has 
passed through a number of interesting 
developmental phases which have definite 
significance in indicating some of the 
difficulties inherent in human material. 

Galton’s work on hereditary genius and 
on the natural law of inheritance is gener- 
ally accepted as being the beginning of 
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modern studies in the field of human 
genetics. As is well-known, his methods 
were largely statistical, but he attempted 
in addition to establish a basis of sufficient 
quantitative accuracy to be applicable to 
individual pedigrees and matings. 

The rediscovery of Mendelism super- 
imposed upon the Galtonian theory a 
series of investigations which tried to fit as 
many characteristics as possible into the 
newly accepted “law” of heredity. As the 
chromosome theory of heredity developed 
and the linear order of genes became 
widely accepted, mathematical methods 
were devised by Hogben, Haldane, and 
others to test whether the arrangement of 
genes in human chromosomes follows the 
same general form as it does in Drosophila 
and certain of the laboratory mammals. 
Many of these methods are extremely 
clever and valuable as procedures to 
establish or disprove various theories of 
interest from the point of view of the 
science of pure genetics. 

All studies of human genetics, however, 
appear to lack the essential quality of 
definiteness and accuracy that allows con- 
clusions to be applied to individual human 
pedigrees and to form the basis for answer- 
ing individual questions as to the proba- 
bility of incidence of all but a very few 
among the multitudes of human charac- 
teristics or traits. 

The reasons for this may be _ briefly 
analyzed as follows: 

(1) Because of the time and expense 
involved, there are no existing extensive 
or permanent programs for collecting 
records on successive generations of human 
beings by direct observation. 

(2) The long life span of the human 
individual makes periodic observations 
necessary in order to procure data on 
characters which, like cancer, often de- 
velop late in life. 


(3) The geographical scattering and 
spread of human material makes follow-up 
and completion of individual life records 
difficult and costly. 

(4) The small numbers of progeny 
derived from the average human mating 
make any one set of progeny a difficult 
unit in which to expect the laws of random 
assortment and recombination of genes to 
give results that have a high degree of 
predictability. When such units are com- 
bined, mass data of general statistical value 
may be obtained, but the chance of 
individual application remains poor. 

(5) Lack of exact control of human 
matings makes the question of paternity 
an unavoidable source of potential error 
which may influence individual progenies 
so extensively as to undo all the work of 
scientific investigation. 

(6) The knowledge of genetics possessed 
by the medical profession as a whole is 
imperfect and often leads to confused or 
erroneous analysis and conclusions. One 
or two common misconceptions may be 
cited as examples: (a) Confusion between 
direct transmission and heredity. The 
medical profession often speaks of “‘heredi- 
tary” syphilis. What actually is meant 
is that a damaged or infected germ cell 
is involved or that the spirochete is actu- 
ally transmitted from parent to progeny. 
This has absolutely no connection with 
heredity as measured by gene action. 
(b) High familial incidence of a disease 
does not necessarily mean that inheritance 
in the true sense of that term is involved. 
Transmission, infection, or other factors 
may be responsible. (c) The idea that 
similar life histories of monovular twins 
means necessarily that heredity is involved 
is not correct. All that such cases show 
is that parallel development occurs and 
that the two lines of cells that descended 
from the original divided mass of embry- 
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onic material were constitutionally similar. 
These cells had many things in common 
besides chromosomes. They had the same 
cytoplasmic and extrachromosomal influ- 
ences until the time of separation and a 
similar intra-uterine environment during 
embryonic life. These facts must also be 
considered in interpreting their parallel 
behavior. 

From the discussion up to this point 
it may appear that the investigation of 
cancer in the field of human genetics is 
hedged about with so many difficulties 
that it is not worth while. Such, however, 
would in all probability be an unwise 
conclusion for the following reasons: 

(1) Animal experimentation confirms 
the widely held opinion that constitution 
is an important factor in determining 
whether or not a given person will have 
cancer. 

(2) Sufficient progress has been made 
in the analysis of this somewhat indefinite 
term “‘constitution” to enable us to recog- 
nize certain broad categories into which 
various influences may be grouped. 

(3) These categories are: (a) Genetic 
influences discernible only in data derived 
from studies of the male line of descent; 
(b) cytoplasmic influences discernible in a 
direct female line of descent; (c) intra- 
uterine influences discernible in correla- 
tion between the mother and her direct 
progeny and especially in the comparison 
between one- and two-egg twins; (d) 
lactation influences discernible in foster- 
nursed progeny as compared with those 
otherwise fed; and (e) unexplained residual 
influences representing these products of 
internal environmental activity as yet 
unanalyzable in any mammalian material. 

The opportunity to analyze the natural 
history of various types of human cancer 
with reference to these five categories of 
influences exists at present and should be 
utilized. 


SUGGESTED PROGRAM 


In order to build interest in, and sup- 
port for a continuing program of research, 
it is desirable that a beginning be made 
at the earliest possible opportunity. For 
the first problems to be attacked, it would 
be wise to select those which have certain 
characteristics. First, they should deal 
with a type or types of cancer which are 
relatively easy to detect, observe, and 
diagnose. Second, they should deal with 
types of cancer that occur as soon as 
possible after cessation of reproductive 
activity or else near the end of the repro- 
ductive cycle. Third, they should be of a 
type, the investigation of which can use 
the “leads” provided by animal research 
work in the laboratory. 


In man, cancer of the breast and of the 
cervix provides two excellent opportunities 
for investigation along lines which could 
be easily and fruitfully developed at the 
present time. Before the investigation be- 
gan, however, it would be important to 
make certain that the approach would be 
that of human biology broadly interpreted 
rather than that of a single specialized 
branch of technical knowledge like genet- 
ics, biometry, physiology, chemistry, etc. 

Once this interpretation is agreed upon, 
the situation becomes markedly simpler 
because it is not necessary to confine our 
experimental work to the study of a series 
of successive generations reaching perhaps 
over a span of half a century or more. 
Other problems become available for in- 
vestigation without the need for delay or 
for an unduly long pericd before results 
may be expected. A few of these problems 
will be cited in order to give an idea of the 
possible lines of attack and of the present 
opportunities for advancing our knowledge. 

1. The incidence of breast carcinoma in 
a population of women nursed by their 
mothers who are proven to have had 
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breast cancer. This population should be 
contrasted with one nursed by mothers 
who died at advanced ages without breast 
cancer. They should also be contrasted 
with a bottle-fed population. The greatest 
care should be taken to obtain accurate 
records of lactation, as any breast feeding, 
even for a short duration, should be noted. 

2. Careful studies of cancer incidence 
among sibs with special reference to order 
of birth, type of cancer, and parental inci- 
dence of cancer should be made. 

3. Studies of cancer incidence in Negro- 
white crosses with special reference to cor- 
relation between skin and other types of 
cancer and skin pigmentation would be 
valuable. 

4. A study of the histology of the testes 
in males with carcinoma of the breast 
might be productive of interesting infor- 
mation. 

5. A study should be made of cancer 
incidence in a population of ovariectom- 
ized women. The histology of the adrenals 
should be studied wherever possible. 

There are many other problems which 
might be listed. Some are statistical, some 
histologic, some mixed. All require the 
collection of data by trained workers with 
selective sources for such data and under 
directive supervision of experimental biolo- 
gists and geneticists. 

Selection and investigation of problems 
should constantly depend upon close and 
intimate contact between those engaged 
in the actual accumulation of data and 
those in the experimental field. 

Cooperation with various hospitals (ma- 
ternity, cancer, and general) would be 
essential. Workers should be allowed to 
travel freely to approved cooperating 
institutions and to bring their data to one 
or more central locations for study and 


interpretation. Records should be cumu- 
lative and of a type that may be collected 
over an indefinite period. 

The program should include a number of 
problems of each of three categories: (1) 
Those which are certain to give results with- 
in 1 or 2 years such as problem 4 above; 
(2) those which should lend themselves to 
reports every 3 to 5 years, such as problems 
2 or 3 above; (3) those which depend 
upon the gradual accumulation of data 
over a long period, 5 to 15 years, such as 
problem 5 above. The proportion of 
these three types to one another should be 
carefully planned and maintained. 


SUMMARY AND CONCLUSIONS 


In conclusion it may be stated that can- 
cer is a form of abnormality in which cer- 
tain characteristic complexities are present. 
Human heredity also presents certain 
inherent difficulties as a field for research. 
In spite of these facts, animal experimen- 
tation has given us promising leads in the 
analysis of “constitutional” influences in 
the etiology of cancer. These leads can 
and should be followed in human material. 

The broad categories into which con- 
stitutional influences should be classified 
are: (1) genetic, (2) cytoplasmic, (3) in- 
tra-uterine, (4) lactation, and (5) at 
present unexplained residue. 

A procedure for selection of problems and 
for planning research is suggested. Five 
typical problems capable of immediate 
study are briefly mentioned as examples 
of those which might be investigated. 

It is urged that adoption and prosecu- 
tion of a program be under the direction 
of one or more biologists and geneticists 
familiar with the experimental phase of 
research in these fields. 
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Hepatic Changes and Subcutaneous and 
Pulmonary Tumors Induced by Subcu- 
taneous Injection of 3,4,5,6-Dibenz- 


carbazole 


By H. B. ANDERVONT, principal biologist, and Jesse E. Epwarps, research fellow, National 
Cancer Institute, National Institute of Health, United States Public Health Service 


Boyland and Brues (1) first noted that 
3,4,5,6-dibenzcarbazole induced neo- 
plastic changes in the skin, subcutaneous 
tissues, and livers of experimental animals. 
Strong, Smith, and Gardner (2) used the 
compound for skin painting of the CBA 
strain of mice and produced epithelioma, 
carcinosarcoma, sarcoma of the skin and 
subcutaneous tissues, and hepatic lesions. 
Subcutaneous injections into mice of 
strains CBA and A induced sarcoma at the 
site of injection in 100 percent of the 
animals and hepatic lesions in both strains. 
Hepatomas were found in strain CBA 
mice but not in those of strain A. Boyland 
and Mawson (3) produced hepatic changes 
in mice by injecting the compound intra- 
peritoneally. 

It was found (4) in this laboratory that 
subcutaneous injection of the carcinogen 
into mice of strain A induced pulmonary 
tumors, and in later work (5) the carcino- 
genicity of dibenzcarbazole for subcu- 
taneous and pulmonary tissues was com- 
pared with the carcinogenicity of other 
compounds. Dibenzcarbazole was more 
active than 1,2,5,6-dibenzanthracene in 
inducing sarcoma at the site of subcu- 
taneous injection but less active in produc- 
ing pulmonary tumors. 

The primary object of this report is to 
record the production of hepatic changes 
in mice following the subcutaneous injec- 
tion of dibenzcarbazole. Systematic ex- 


1 Hereafter referred to as dibenzcarbazole. 


amination of the livers revealed a pro- 
nounced sex difference in susceptibility 
to hepatic changes. Further observations 
are recorded on the induction of pul- 
monary and subcutaneous tumors. 


MATERIALS AND METHODS 


Mice of inbred strains A, C, and C3H 
were used. Those of strain A were pro- 
cured from the Roscoe B. Jackson Me- 
morial Laboratory, Bar Harbor, Maine, 
while those of strains C and C3H were 
raised in this laboratory. The animals 
were maintained under similar environ- 
mental conditions and fed a diet of 
Purina dog-chow pellets with an unlim- 
ited supply of water. All were injected 
when 6 to 12 weeks of age. 

Two lots of dibenzcarbazole were avail- 
able. One (m. p. 148°-155° C., corr.) ? 
was obtained from Dr. G. M. Smith, of 
the Yale University School of Medicine. 
This lot was procured originally from Dr. 
E. Boyland, of London, and is designated 
as lot A. The other lot (m. p. 156.5°- 
157.5° C., corr.) was procured from Prof. 
J. W. Cook, of Glasgow, and is designated 
as lot B. 

All injections were made subcutaneously 
into the right axillary region and con- 
sisted of a single injection of 0.2 mg. of the 
compound dissolved in 0.2 cc. of filtered 
lard, sesame oil, or olive oil. 


2 Melting points were determined by Dr. JF. L. 
Hartwell. 
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The animals were killed by cervical 
dislocation as they developed subcutaneous 
tumors at the injection site or at various 
other periods after injection. Their livers 
were examined for the presence of induced 
changes and their lungs for the presence 
and number of induced pulmonary tumors. 


RESULTS 
Hepatic CHANGES 


Grossly the livers which showed changes 
appeared normal in size, somewhat pale, 
and dull brown. The capsular surface 
was slightly pitted or finely granular. 
Occasionally there were cysts which were 
elevated on the surface of the liver and 
varied from pin point to 3 mm. in diam- 
eter. The fluid contained in the cysts 
was serous and almost always colorless, 
but occasionally pale green. The consist- 
ence of the livers was, as a rule, only 
slightly or not at all increased, and in none 
was there any unusual resistance on cut- 
ting. Cut sections revealed nothing re- 


markable save for the cysts, which usually 
lay immediately beneath the hepatic 
capsule. 

Microscopically the affected livers were 
characterized by alterations of the sinu- 
soids and intrahepatic bile ducts. In 
focal areas the endothelial cells of the 
sinusoids were increased in size and num- 
ber and showed nuclear hypertrophy (fig. 
1). The periphery of the lobule was most 
affected by the change, but some lobules 
were completely involved. 

The bile ducts showed proliferation and 
tortuosity. Spaces of varying diameter 
and outline involved the lobules and sep- 
arated the cords of parenchymal cells 
(fig. 2). Some of these structures were 
lined by cuboidal or columnar cells 
indicating that they were derived from 
bile ducts, but a number of the spaces 
were lined by flat cells which made it 
difficult to determine whether they were of 
sinusoidal or bile-duct origin (fig. 3). 

The exact nature of many of these 
spaces was open to question. They were 


Ficure 1.—Focal distribution of proliferated endothelial cells. Haematoxylin and eosin stain. > 120. 
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Ficure 2.—Spaces lined by flat cells interrupting regular architecture of the lobule. Haematoxylin and 


eosin stai 


devoid of blood. This, together with the 
fact that in some instances the viable 
cells showed transitions from columnar 
and cuboidal cells undoubtedly of bile- 
duct origin (fig. 3) to flat cells, made it 
seem unlikely that they were altered 
sinusoids. Support was thus given to the 
idea that they were indeed bile ducts. 

These spaces often became dilated to the 
point of grossly recognizable cysts, which 
were almost invariably multilocular (fig. 
4). Mitotic figures were not observed in 
the cells lining these structures. 

The parenchymal cells seemed to play 
a relatively minor role. In some areas 
showing endothelial proliferation, the 
normal architecture of the cords became 
disorganized by the great number of 
endothelial cells (fig. 5). In such areas 
the parenchymal cells often showed atro- 
phy, while occasionally they were con- 
siderably enlarged showing abundant 
cytoplasm with numerous basophilic gran- 
ules and relatively large nuclei. 

There was no definite evidence that the 


n. 


Ficure 3.—Proliferated bile ducts showing colum- 
nar, cuboidal, and simple squamous flattened 
epithelium. Haematoxylin and eosin stain. 
xX 250. 
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Ficure 4.—Miultilocular cysts. Haematoxylin and eosin stain. > 200. 


fibroblasts of the liver had proliferated, 
and the only apparent increase in collagen 
was seen around the cystic structures. 
Those livers interpreted grossly as show- 
ing no reaction were usually within normal 
limits microscopically. In a few instances 


Ficure 5.—Proliferation of 
sinusoidal endothelial cells. 
Haematoxylin and_ eosin 
stain. < 250. 


the parenchymal cords lacked the com- 
pletely orderly arrangement of normal 
liver, but there were none of the changes in 
the endothelium and bile ducts described 
above. Such livers showed scattered mi- 
totic figures in the parenchymal cells and 
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rarely large cells with ground-glass cyto- 20 percent, showed any reaction, and 9 of 


plasm. these were in the group of 15 killed at the 
In a small number of cases in which the __ termination of the experiment. 

liver was considered normal grossly there The difference between the number of 

were borderline changes. Such occur- mice with hepatic reactions induced in 


rences were common to both sexes. The the first two experiments was thought to 
criterion for hepatic reaction was the _ be due either to the different lots of dibenz- 
gross appearance of the liver confirmed  carbazole or to the different solvents. 
by microscopic examination. Unless a Consequently, a third experiment was 
liver which showed suggestive changes initiated during November 1939 in which 
microscopically also showed gross changes, lots A or B of the compound dissolved in 
it was considered negative. lard, sesame oil, or olive oil were injected 

The first experiment was begun during _ into strain A females. This experiment 
December 1938. Dibenzcarbazole (lot A) — gave results similar to the first investiga- 
dissolved in lard was administered to 20 tion; practically every mouse which came 
female mice of strain A. The pulmonary to autopsy 14 weeks after injection had a 
tumors evoked in this experiment were definite hepatic lesion. 


mentioned previously (4). One mouse, An analysis of the first three experiments 
which died 14 weeks after injection, had revealed that only female mice were used 
lesions of the liver; the remaining 19 were in those in which many of the animals de- 
killed 4 weeks later when all had developed veloped hepatic changes, whereas only 
definite hepatic changes. male mice were employed in the experi- 

The second experiment was started dur- ment in which few such reactions were in- 
ing April 1939, when 20 male mice of | duced. An experiment was started during 
strains A, C, and C3H received an injec- April 1940 in which both male and female 


tion of dibenzcarbazole (lot B) dissolved mice of strain A received a lard solution 
in sesame oil. The object of this study — of the compound (lot A) and males and 
was to determine the susceptibility of the — females of strains A, C3H, and C received 
3 strains to induced hepatic changes. All a sesame-oil solution of lot B. The occur- 
surviving mice (4 strain A, 5 strain C, 6 rence of hepatic changes in this experi- 
strain C3H) were killed 40 weeks after ment is presented in table 1. Females of 
injection. The animals of thisexperiment all strains were more susceptible than 
developed few hepatic changes; only 12,or —_ males. 


TABLE 1.—Experiment 4. The induction of hepatic changes in male and female mice of strains A, C3H, and C 
following subcutaneous injection of 0.2 mg. 3,4,5,6-dibenzcarbazole 


Numerator=mice killed ] 
Denominator=mice with hepatic changes 


Time in weeks 
Strain Solvent Sex of : Total hepatic 
mice | 10 | 12 | 14 | 16 | 18 | 20 | 22 | 2 | 26 | 28 changes 
| 
Percent 
{ F 1/0 1/0 5/2 1/1 7/6 15/9 60 
M 15 | 2/0 1/0 |_- 1/0 2/0 6/0 |- 2/1 15/1 6.6 
Sesame oil_____ { F 20 1/1 4/4 1/1 1/0 2/2 1/1 5/4 5/5 20/18 90 
\\ M 20 1/0 3/0 2/0 1/0 1/0 1/1 2/0 5/1 1/0 | 3/1 20/3 15 
if F 11 1/0 1/0 1/1 5/3 2/0 | 11/5 45.5 
M 5/0 2/0 | 10)! 10/0 0 
{ F 1/0 4/3 2/2 5/5 2/2 77 23/19 82.6 
M 2/0 3/0 4/0 1/0 5/0 6/0 3/2 |... 24/2 8.3 
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Tae 2.— The induction of hepatic changes in male and female mice of strains A, C3H, and C following subcutaneous 
injection of 0.2 mg. 3,4,5,6-dibenzcarbazole. Summary of five experiments 


Numerator=mice killed 
oA Denominator=mice with hepatic changes 


| | Time in weeks | ge 

| | 

| | | | | 

| 10) 12/14) 36 | 8 | 20 | 22) 24 | 26 | 28 | 30 34 | 36/40| 42 | = 23 

= | 32 

| | 2 | |& 

Per- 
J | cent 
= 
A____.| Sesame oil. | 96.2 
19.1 
Olive | 70.4 

C3H_.| Lard M | 10.5 
C3H_.| Sesame oil. | 

. Table 2 is a summary of the occurrence _ dissolved in cholesterol. Nineteen days 

‘ of hepatic reactions in all investigations after castration all of these animals to- 
ee reported here in which dibenzcarbazole gether with 43 (28 males and 15 females) 


was injected into normal mice. The fe- normal strain A mice of the same age were 
males of all three strains were more sus- __ given an injection of dibenzcarbazole (lot 
ceptible than males when sesame oil was _ A) dissolved in sesame oil. All surviving 
used as the solvent, and females of strain A mice were killed 20 weeks later. 
were more susceptible when lard solutions The occurrence of induced hepatic 
were injected. changes is shown in table 3. Forty-seven 
A fifth experiment was performed to test percent of the castrated and 38.2 percent 
for the influence of castration and estro- _ of the castrated plus stilbestrol-treated de- 
genic activity of stilbestrol in the induction —_ veloped definite reactions, whereas only 
of hepatic changes in male mice. Sixty- 14.3 percent of the male controls did so. 
eight male mice of strain A were castrated Table 2 shows that of 46 strain A males, 
when 6 weeks of age. Ten days later a including the 28 of this experiment that 
pellet containing stilbestrol (6) was inserted received sesame-oil solutions of dibenzcar- 
subcutaneously into the left groin of 34 of _ bazole, 5, or 10.8 percent, showed hepatic 
these. Each mouse received a 6- to 8-mg. changes. This permits the conclusion that 
pellet containing 10 percent stilbestrol castration of the strain A male mice of this 


TaBLe 3.—Experiment 5. The induction of hepatic changes following subcutaneous injection of 0.2 mg. 3,4,5,- 
6-dibenzcarbazole dissolved in sesame oil into experimental and normal strain A mice 


Numerator=mice killed | 
Denominator=mice with hepatic changes 


| Time in weeks 
s _ 

| 3 | b | | 17 | 18 20 changes 
| Percent 
¢ Castrated plus stilbestrol__._________- | M 34 4/0 1/0 5/0 1/0 2/2 21/11 34/13 a 

M 34 4/2 7/2 5/2 1/0 |-.--.---| 17/10 | 34/16 47.1 

M 28 3/0 1/0 5/0 17/4 28/4 14.3 

| F 15 2/1 5/4 15/11 73.3 
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experiment increased their susceptibility 
to the induction of hepatic changes pro- 
duced by a sesame-oil solution of the 
carcinogen. 


SupcuTANEous Tumors 


The induction of subcutaneous tumors 
was of secondary interest in these studies. 
A considerable number of mice developed 
fibrosarcomas at the injection site. The 
occurrence of these tumors is summarized 
in table 4. Some of the data are not 
entirely satisfactory for accurate analysis, 
but certain group differences are sig- 
nificant. Lard solutions of the compound 
were less effective in producing tumors 
in strain A females than either sesame-oil 
or olive-oil solutions. There was also a 
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TABLE 4.—The occurrence of induced subcutaneous tumors following subcutaneous injection of 0.2 mg. 3,4,5,6-dibenz- 
carbazole 


killed 
Denominator= mice with subcutaneous tumors 


significant sex difference in susceptibility 
of strain A mice to lard solutions. The 
differences in sex susceptibility which 
occurred in mice of all three strains follow- 
ing injection of sesame-oil solutions is not 
interpreted as significant. 


PULMONARY TUMORS 


The induction of tumors of the lung in 
strain A mice following subcutaneous in- 
jection of dibenzcarbazole was noted 
previously (4). In the present experi- 
ments the lungs of every mouse coming to 
autopsy were examined for this type of 
tumor, and the number in each positive 
pair of lungs was recorded. Pulmonary 
tumors were found in strain A mice killed 
as early as 10 weeks following injection. 


Time in weeks 


Strain Solvent 
12| 16 18 


Number of mice 
= 


Sex 


Incidence of subcu- 
taneous tumors 


F | 2/2] 37/4]. 

65| 1/1| 7/7] 5/5] 14/10| 11/3 

Sesame oil 68) 1/1| 6/6| 13/12) 3/3 
A_____..| Olive oil__..| F | 1/1] 5/5| 5/5| 9/3 
1/1) 1/1 1/1 

C3H___- 20... Wil 1/1 6/1 
2/2 

{M 4 4/4|  3/3| 8/8 


3/3} 2/2) 2/2) 4/1|.....| 68/39] 57.4 
1/1} 1/0)_. 1/1| 27/20) 74.1 

5/0} 1/1} 11/5) 45.5 
1/1} 1/1| 1/1) 2/2) 3/3) 30/17] 56.7 
2/2| 5/0| 2/2) .--| 23/11] 47.8 
10/5| 1/1) 44/35) 79.5 


Numerator=mice k 


Tasie 5.—The occurrence of induced pulmonary tumors in strain A female mice following subcut 
0.2 mg. 3,4,5,6-dibenzcarbazole 


illed 


s injection of 


Denominator=mice with pulmonary 


Time in weeks 


Inci- | Aver- 
| dence | age of 


Solvent 


78 1/0 37/26 
Sesame 65 | 1/1 | 7/3 | 5/3 
Gave 27 1/0 | 5/2 | 5/3 9/7 | 1/1 


2/1 


ig 11/7 | 6/3 | 2/2 


Total | of pul- | pulmo- 
monary| nary 
tumors | tumors 


/ 3/3 | 22/21 | 78/55 | 70.5 
5/4 | 1/1 | 7/6}. 6/6 | 65/43 | 66.2 3.4 


| | | | a | | 
20 | 22| 24 | 26 | 28 | 30| 32| 34 | 36/40) 42 | _ | 
: 
| 3/2 | 22/0) 73/9) 4105 
6/1) 2/2) 5/0) 1/1) 7/3 65/33) 50.8 
| 20/3 
1/1 
| 
4/4) 
| 2/2) 
mice 
1 
3 
3 
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None were observed in any of the C3H 
mice. In 5 strain C animals there were 
single pulmonary tumors all of which were 
found in males that survived for 26 to 40 
weeks after injection. The occurrence of 
pulmonary neoplasms in strain A females 
is summarized in table 5. There was no 
significant difference in the incidence of 
this type of tumor or in the average num- 
ber of nodules per pair of positive lungs in 
the mice injected with the compound dis- 
solved in lard, sesame oil, or olive oil. 


DISCUSSION 


The production of changes in the livers 
of mice by administration of dibenzcarba- 
zole confirmed the observations of pre- 
vious investigators. Boyland and Brues (7) 
induced the changes by the skin-painting 
technique in two series of mice; one series 
was painted twice weekly for 125 days 
with a 0.3-percent benzene solution and 
then with a 0.1-percent solution, while the 
other series was treated throughout with a 
0.1-percent solution. Eighty percent of 
the mice which survived over 1 month 
showed hepatic changes which, according 
to an estimate by the authors, occurred 
after each mouse received 0.8 mg. of the 
compound on the skin. Strong, Smith, 
and Gardner (2) applied a benzene solu- 
tion to the skin of mice twice weekly and 
obtained lesions of the liver. They also 
injected a sesame-oil solution containing 
1.2 mg. into the subcutaneous tissues of 
mice and observed hepatic changes in 
approximately 50 percent of the animals. 
Boyland and Mawson (3) used olive-oil 
solutions of the carcinogen. An _ intra- 
peritoneal injection of 0.5 mg. was very 
toxic and killed 28 of 38 mice within 3 
days, but a dose of 0.25 mg. per 20-gm. 
mouse was less toxic. The first evidence of 


hepatic change was observed 26 days after 
injection. 


From the foregoing summary it is ob- 
vious that, with the exception of the 0.25 
mg. per 20-gm.-mouse dose used by 
Boyland and Mawson (3), none of the 
investigators administered an amount of 
the compound comparable with the 0.2 
mg. used in the present studies. The 
results of Boyland and Mawson are not 
very satisfactory for comparison for their 
injections were made _ intraperitoneally, 
while in this work the carcinogen was 
injected subcutaneously. It is suggested, 
however, that the compound is more toxic 
for mice when injected intraperitoneally 
since the majority of their animals died 
within 39 days whereas none in these 
studies developed symptoms of toxicity. 
It is also of interest in this connection that 
Boyland and Brues (7) found a 0.3-percent 
benzene solution too toxic for prolonged 
application to the skin of mice while 
Strong, Smith, and Gardner (2) did not 
report any symptoms of toxicity in their 
mice.* The latter investigators also in- 
jected 1.2 mg. of the compound into the 
subcutaneous tissues of mice and did not 
record toxic effects, while in our experi- 
ment two subcutaneous injections of 0.2 
mg. each at an interval of 1 week killed 
practically every mouse. The dose, there- 
fore, was reduced to a single injection of 
0.2 mg. 

The injection of this relatively small 
amount of dibenzcarbazole revealed a 
definite sex difference in susceptibility to 
hepatic changes. Other investigators (/, 
3, 7) failed to mention the sex of their 
experimental animals. Strong, Smith, and 
Gardner (2) used only male mice. 

It is pertinent to mention here that 
another experiment in which a larger 
amount of 2-amino-5-azotoluene was ad- 
ministered to mice is producing further 


3 It is not clear whether these investigators used a 
0.5-percent or a 0.1-percent benzene solution. 
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TABLE 6.—The — of hepatic changes in male and female mice of strains A, C3H, and C and their hybrids 


1g subc s administration of 100 mg. Q-amino-5-a zotoluene 
Number | Mice show- | Incidence of 
Strain or hybrid generation Derivation of hybrids Sex of mice ing hepatic hepatic 
change change 
| 
| Number Percent 
C X C3H or C3H X C____ F 12 12 100 
C X C3H or C3H C____ M 28 1 3.6 
M 32 0 0 


evidence of a sex factor in susceptibility 
to induced hepatic lesions. This investiga- 
tion is in progress, but the results thus far 
are presented at this time since they 
support the dibenzcarbazole studies. The 
2-amino-5-azotoluene was moistened with 
glycerol, and each mouse received 10 mg. 
subcutaneously each month for 10 succes- 
sive months, or a total of 100 mg. They 
were killed 1 month after the last injection. 
From the findings (table 6), it is clear that 
females were more susceptible than males 
regardless of strain or degree of hybridiza- 
tion. This indicated that the pronounced 
sex difference in susceptibility to induced 
hepatic changes was not limited to di- 
benzcarbazole. Furthermore, hepatic 
changes induced in female mice by 
2-amino-5-azotoluene were pro- 
nounced than those produced by di- 
benzcarbazole for 2-amino-5-azotoluene 
evoked an extensive cirrhosis and many 
tumors. 

An earlier publication (8) reported the 
occurrence of hepatic lesions in mice fol- 
lowing subcutaneous administration of 
2-amino-5-azotoluene. Females of strain 
C, males of strains A and C3H, and both 
males and females of strains I and Y 
were used. Females of strain I developed 
more pronounced hepatic changes than 
did the males of the same strain, but the 
number of experimental animals was 

414687—41—_—-4 


considered to be too small for definite 
conclusions. It is now justifiable to state 
that the mice of strain I did exhibit a sex 
difference in susceptibility. It is also 
essential to point out that in the previous 
work hepatic reactions occurring in strain 
C females were compared with those 
found in males of strains A and C3H and it 
was concluded that mice of strain C were 
the most susceptible. In view of the 
observations reported here, this conclu- 
sion was not justified. Further work is 
necessary before the strains can be 
arranged in the order of their suscepti- 
bility to hepatic changes induced by 2- 
amino-5-azotoluene. 

The reasons for the sex variation in 
degree of susceptibility to the induction 
of hepatic changes are obscure. An 
experiment reported here indicated that 
castration of males prior to subcutaneous 
injection of dibenzcarbazole increased 
their susceptibility. This implied that 
sex hormones may be partly responsible 
for the greater resistance of male mice, 
but the subcutaneous implantation of 
pellets containing 10 percent of stilbestrol 
did not increase the susceptibility of 
castrated males. This does not prove 
that estrogens are not responsible for the 
greater susceptibility of females, for larger 
amounts of stilbestrol may have increased 
the susceptibility of the castrates. The 
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normal estrogen produced by the mouse 
should be used in such studies. This is 
accomplished by transplantation of ovaries 
into castrated males of the same inbred 
strain. These experiments are now in 
progress. 

Another explanation for the greater 
resistance of the males is suggested by 
the observations of Parfentjev and Perlz- 
weig (9) who found that the urine of 
normal male mice contains very large 
amounts of protein. Wick * recently dis- 
covered that this proteinuria is high only 
in males and is much lower or lacking in 
females. Castration of males caused re- 
duction of the protein excretion. These 
interesting findings of Wick suggest that 
the males may be able to excrete more of 
the carcinogens or their derivatives. 

Throughout these studies there was no 
evidence that dibenzcarbazole or 2-amino- 
5-azotoluene were more effective in evok- 
ing hepatic tumors in mice of strain C3H 
than in the other strains, although the 
C3H animals are known (/0) to be the 
most susceptible to the spontaneous 
growths. Furthermore, the males of strain 
C3H are more susceptible to spontaneous 
hepatomas while, as shown here, the fe- 
males are more susceptible to lesions of 
the liver induced by dibenzcarbazole or 
2-amino-5-azotoluene. This may be of 
some importance, for it indicates that 
susceptibility to hepatic tumors produced 
by carcinogens is not correlated with 
susceptibility to spontaneous hepatomas. 

An explanation for the lack of correla- 
tion between susceptibility to spontaneous 
and induced hepatic tumors in mice is 
suggested by the fact that the induced 
tumors nearly always arise in cirrhotic 
livers whereas the spontaneous growths 
do not. This indicates that the occur- 


4 Personal communication from Dr. Lester F. Wick, 
of the Barnard Free Skin and Cancer Hospital, 
St. Louis, Mo. 


rence of the induced tumors is more closely 
associated with susceptibility to induced 
cirrhosis than with susceptibility to spon- 
taneous tumors. 

The occurrence of subcutaneous tumors 
at the injection site in mice used in these 
studies presents further evidence of the 
effect of solvents in theinduction of this 
type of neoplasm. Lard solutions evoked 
fewer tumors in strain A females than did 
sesame-oil or olive-oil solutions. Strain A 
mice did not exhibit any significant sex 
difference in susceptibility when the carci- 
nogen was dissolved in sesame oil, but the 
males were more susceptible when lard 
solutions were injected. Such results show 
that in strain A mice the influence of sex 
upon susceptibility to induced subcutane- 
ous growths was demonstrable when the 
carcinogenic activity of the compound 
was reduced by the use of lard as a solvent. 
This confirms the observations of Shear 
and Leiter (//, footnote 5, p. 48) who 
found that solutions of filtered lard or tri- 
caprylin containing 0.1 mg. or less of 
3,4-benzpyrene revealed the higher sus- 
ceptibility of strain A males while larger 
amounts did not produce clear-cut results. 

So far as the present studies are con- 
cerned it may be concluded that in strain 
A mice lard solutions containing 0.2 mg. 
of dibenzcarbazole induced subcutaneous 
tumors more frequently in males and 
hepatic changes more frequently in females. 
The data also suggest that the influence 
of sex was more pronounced in deter- 
mining the degree of susceptibility to 
induced hepatic changes than to induced 
subcutaneous growths. 

Although lard solutions of dibenzcarba- 
zole induced fewer subcutaneous tumors 
in strain A females, lard, sesame-oil, and 
olive-oil solutions were equally effective 
in evoking pulmonary tumors in the same 
mice. The lack of correlation between 
different carcinogens in the production of 
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tumors at the site of subcutaneous injec- 
tion and the induction of pulmonary tu- 
mors was noted in previous work (5) when 
sesame-oil solutions of 1,2,5,6- or 1,2,7,8- 
dibenzacridine failed to induce subcuta- 
neous growths but caused many pulmo- 
nary tumors, whereas 2-methyl-3,4-benz- 
phenanthrene or dibenzcarbazole evoked 
subcutaneous neoplasms but were far less 
carcinogenic for pulmonary tissues than 
the acridines. The present studies with 
dibenzcarbazole extend these observa- 
tions by indicating that a single compound 
may also show no correlation between 
carcinogenicity for different tissues when 
dissolved in different solvents. 


SUMMARY 


A subcutaneous injection of 0.2 mg. 
3,4,5.6-dibenzcarbazole dissolved in fil- 
tered lard, sesame oil, or olive oil was 
given to mice of strains A, C3H, and C. 

The compound induced hepatic changes 
as well as subcutaneous sarcomas at the 
injection site in all strains. Pulmonary 
tumors were induced in strain A mice. 

The females of all strains were far more 


susceptible to induced hepatic changes 
than were the males. This difference in 
sex susceptibility was also noted when 
the strains or their hybrids were injected 
with 100 mg. of 2-amino-5-azotoluene. 

Castration of strain A males before in- 
jection of dibenzcarbazole increased their 
susceptibility to induced hepatic lesions. 

Strain A males were more susceptible 
than strain A females to the induction of 
subcutaneous tumors when lard was used 
as the solvent, but no significant sex dif- 
ference was noted when sesame oil was 
used. Lard solutions induced fewer sub- 
cutaneous tumors in strain A females than 
did sesame-oil or olive-oil solutions. 

Lard, sesame-oil, and olive-oil solutions 
were equally effective in inducing pul- 
monary tumors in strain A females. 

The results of this series of investiga- 
tions demonstrate the pronounced varia- 
tions in tissue responses which are ob- 
tained when mice of different strains or 
the same strain are injected with a con- 
stant amount of a carcinogen dissolved in 
different solvents. 
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Intrapulmonary Transplantation of the 
Adenomatous Gastric Lesion of Strain I 


Mice 


By Howarp B. ANDERVONT, principal biologist, and Micuaet B. SHIMKIN, assistant sur- 
geon, National Cancer Institute, National Institute of Health, United States Public Health 


Service 


Strain I mice develop spontaneously an 
adenomatous lesion in the glandular 
region of the stomach (7). 

The lesion is characterized by an adenomatous, 
hypertrophic, hyperplastic overgrowth of the 
glandular rugae of the pyloric mucosa; degenera- 
tion and infiltration by inflammatory cells were 
present together with development of atypical 
epithelium with limited penetration into the 
deeper gastric wall and blood vessels (2, p. 7022). 

The gastric mucosal hyperplasia is found 
in practically all strain I mice that live 8 
months or longer but is more pronounced 
in the males. The disease is not com- 
municable to other mice and is apparently 
not caused by an infectious agent; it is 
not the result of vitamin A deficiency but 
is more pronounced in mice that are fed a 
diet that contains roughage than in ani- 
mals maintained on a diet with little 
roughage (3). It is not found in the recip- 
rocal crosses between strain I mice and 
strain C57 Black mice or in the C57 
Black backcross mice but occurs in the 
strain I backcross animals; the inheritance 
of the tendency to develop the lesion, 
therefore, seems to be recessive (4). 

Concomitantly with the gastric lesion, 
strain I mice develop pronounced anemia 
and marked morphologic changes in the 
blood erythrocytes; some of the animals 
die suddenly of massive gastroenteric 
hemorrhage (2). Free hydrochloric acid 
can be demonstrated in the gastric contents 
of mice with severe gastric lesions.! 

Histologic studies (2) show certain fea- 


' Shimkin, M. B.: Unpublished data, 


tures that suggest that the gastric lesion 
of strain I mice is a malignant neoplasm. 
However, the process develops symmetri- 
cally, no metastases have been observed, 
and the growth is locally limited. The 
absence of the lesion in the F, hybrids, in 
sharp contrast with the behavior of other 
tumors, also suggests that it may not be a 
malignant . growth (4). Subcutaneous 
transplantations of the gastric adenoma- 
tous tissue have been iniformly un- 
successful.” 

The present communication reports 
the successful intrapulmonary transplan- 
tation of the gastric lesion of strain I 
mice. After the intravenous injection of a 
saline suspension of the tissue into mice of 
the same strain and their hybrids, there is 
progressive growth of the tissue in the 
lungs and the pulmonary transplants 
exhibit the same atypical histologic fea- 
tures as the original growth. 


EXPERIMENTAL PROCEDURE 


The experiment was commenced in 
January 1939 and has since been repeated 
twice. The procedure and the results 
were identical and are, therefore, pre- 
sented as a single experiment. 

Three strain I mice, two females and 
one male, 12 months of age, were killed 
by cervical dislocation. The stomach was 
removed, opened, and washed thoroughly 
in sterile saline. The hyperplastic mucosa 
was dissected from the gastric wall. The 


2 Andervont, H. B.: Unpublished data, 
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tissue was finely minced with a pair of 
scissors and suspended in sterile isotonic 
saline. Three suspensions, each from the 
tissue of an individual stomach, were 
prepared. 

Ten strain I mice of both sexes, about 
2 months of age, were given a single 
intravenous injection in a lateral tail 
vein of 0.3 cc. of the first suspension. 
Single intravenous injections of 0.2 cc. 
of the other two suspensions of strain I 
gastric mucosa were given to groups of 
11 and 15 strain I mice, respectively. 

The same suspensions, 0.2 cc. per dose, 
were also injected intravenously into dba 
* I and C57 Black X I hybrids; the 
groups contained equal numbers of males 
and females. 

Twelve strain I males were injected 
intravenously with a similar suspension of 
the gastric mucosa obtained from an I 
male mouse that was 1 month old. 
Grossly, the stomach appeared normal in 
this animal. 

As controls, dba & I and C57 Black « 
I mice were injected intravenously with 
suspensions of gastric mucosa obtained 
from stomachs of year-old dba and C57 
Black mice, respectively. In these groups, 


TaBLe 1.—Growth of hyperplastic gastric mucosa in 
lungs of strain I mice and their hybrids following 
intravenous inoculation 


Inoculum source Mice injected - 

¥ 

3 

Strainof | = 

Tissue mouse Strain 
2 

Mos. No. 

12 | dba X I. 2) 3 

12 | C57 Black X I___| 20 7 

12; C.. 0 

dba__.. 12 | dba_. 1 

dba At 17 2 

C57 Black 12 | C57 17 0 

57 Black...| 12 | C57 Black X I___| 19 1 

C.... 7 0 


several stomachs were used in order to 
obtain approximately the same amount of 
tissue as could be dissected from the 
hyperplastic mucosa of a single strain I 
mouse. Similarly, suspensions of the mu- 
cosa from stomachs of mice of strains dba, 
C57 Black, and C were injected into mice 
of the same strains respectively as those 
of the source of the inocula. A small 
number of C strain males also received a 
single intravenous administration of a 
saline suspension of renal or hepatic tissue 
obtained from a year-old strain C mouse. 

Table 1 summarizes the number of 
mice used, the mice that died before the 
fifth month after injection being dis- 
regarded. 


RESULTS 


Three strain I mice that received a 
single intravenous administration of sus- 


I mouse 6 months after intravenous injection. 
Haematoxylin and eosin. < 33. 
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Ficgure 1.—Growth of adenomatous gastric 
whe? tissue of strain I mouse in the lung of a strain 
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pended hyperplastic gastric mucosa died 
during the fifth month after the injection. 
The lungs of all three contained several 
firm, solid, grayish-white areas. The larger 
areas measured 4 to 5 mm. in diameter and 
extended 2 to 3 mm. into the lung. In two 
cases practically a whole lobe was dis- 
placed by this lesion. The borders of the 
smaller lesions were white and slightly 
raised, and the pleura was smooth; no 
ulceration of the lesions was noted. 

Microscopically, the areas in the lungs 
were viable transplanted growths of the 
adenomatous lesion of the stomach. They 
were not encapsulated but invaded the 
pulmonary tissue without compression. 
The lesion did not invade the bronchi, al- 
though in a few sections it extended to and 
surrounded them (fig. 1). 

All three types of cells found in the 
gastric lesions, as described previously (2), 
were also observed in the pulmonary 
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growths: the hypertrophic columnar cells 
with distorted oval hyperchromatic nuclei 
surrounded by dark granular cytoplasm, 
large foamy cuboidal or polygonal slightly 
acidophilic cells with round pale nuclei, 
and flattened squamous cells with pink 
granular cytoplasm. The acini, mostly 
lined by the cuboidal cells or by the flat- 
tened cells, contained small amounts of 
cellular debris and material appearing to 
be mucin. The columnar cells were 
observed to lie in columns or form glands. 
The stroma was sparse and _ infiltrated 
moderately with round inflammatory cells. 
Little or no necrosis was observed in the 
lesions (fig. 2). 

The remaining animals were killed 6 
months after the injection. As sum- 
marized in table 1, 20 of the 26 strain I 
mice that survived 5 months or longer 
after the intravenous administration of 
suspensions of strain I gastric mucosa had 


Ficure 2.—Higher magnification of the intrapulmonary growth of strain I adenomatous gastric 
mucosa, Haematoxylin and eosin. < 260. 
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gross pulmonary growths in the lung, 
similar grossly and microscopically to those 
described above. 

One pulmonary growth of the gastric 
mucosa in a strain I mouse was trans- 
planted by means of a trocar into the 
subcutaneous tissue of three strain I mice. 
No subcutaneous growth was obtained. 
Serial intravenous transmission of the 
growth and further attempts to transplant 
such tissue subcutaneously or intraperi- 

ae toneally are now in progress. 


The lesion also grew in both groups of 
strain I hybrids. Thus, although the gas- 
tric lesion is not encountered in the C57 
Black < I mice (4), such mice are suscep- 
1 tible hosts to the growth of the tissue trans- 
ee as planted into the lung. The pulmonary 
e lesions were definitely larger and the inci- 


. see Ficure 3.—Growth of gastric mucosa of strain 
dba mouse in the lung of a dba mouse 6 months 
after intravenous injection. Haematoxylin and 
eosin, X 150, 
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dence of positive transplants was higher in 
the dba X I mice than in the C57 Black x I 
animals. Male and female mice were 
equally susceptible to the growth of the 
tissue in the lungs. 

Examination of other organs grossly 
revealed no lesions similar to those in the 
lungs. It is probable that the great major- 
ity of the tissue particles of the suspension 
became impinged in the lesser circulation. 

Three of twelve mice that were injected 
with a suspension of gastric mucosa ob- 
tained from a 1-month-old strain I male 
also showed growth of the tissue in the 
lung. The areas, although smaller, were 
indistinguishable grossly and microscop- 
ically from those seen in the lungs of mice 
injected with gastric mucosal material 
from year-old strain I mice. It has been 
noted (2) that even at an age of 2.5 months 
some strain I mice have a few slightly 
hyperplastic areas in the gastric glandular 
mucosa. 

The controls consisted of 52 mice of 
strains C, dba, and C57 Black that were 
injected with gastric mucosa obtained 
from the same respective strains, and 36 
C57 Black X I and dba X I hybrids injected 
with C57 Black or dba gastric mucosa, re- 
spectively. Twodba X I mice and one C57 
Black < I mouse had small growths in the 
lungs. The subpleural areas were about 
1 mm. in diameter and consisted of small 
columns or glands of cuboidal or columnar 
cells with round or oval hyperchromatic 
nuclei and granular cytoplasm. The cells 
had the appearance of the zymogenic cells 
of the stomach. The stroma was infil- 
trated with small round cells (fig. 3). 
One female dba mouse that received a 
suspension of dba gastric mucosa had a 
2-mm. lesion infiltrating the lung and con- 
sisting of the above-described cell and 
another type of cell which was columnar, 
arranged in glands, with dark round nu- 
clei lying at the base, and with clear, pale 
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cytoplasm. The stroma of this growth was 
also infiltrated with round cells. 

None of the pulmonary growths described 
in this experiment were confusable with 
the primary adenomatous pulmonary 
tumors that occur spontaneously in mice 
(5). 

No pulmonary lesions were observed 
grossly in 13 strain C mice that were 
injected intravenously with suspensions of 
hepatic or renal tissue. 

The results up to the present indicate 
that the adenomatous gastric lesion of 
strain I mice possesses a greater capacity 
of autonomous growth in the lungs than 
does the apparently normal gastric mucosa 
of three other strains of mice. Large 
multiple pulmonary growths were obtained 
in 75 percent of the strain I mice injected 
with suspensions of strain I gastric mucosal 
tissue. Small solitary transplants were 
obtained in 4.5 percent of the 88 controls. 


The gastric tissue that was injected into 
the control animals was obtained from 
year-old mice. It has been noted (2) 
that gastric lesions similar to those of strain 
I mice but much less extensive are en- 
countered occasionally in mice of strains 
dba and C57 Black. 


SUMMARY 


Intravenous injection of a saline sus- 
pension of minced hyperplastic gastric 
mucosa of strain I mice resulted in pro- 
gressive growth of the tissue in the lungs 
of 75 percent of the strain I animals. 
The tissue also grew in about 50 percent 
of the C57 Black & I and dba I hybrids. 
Gastric mucosa obtained from mice of 
strains C, dba, and C57 Black and in- 
jected intravenously grew to a lesser extent 
in the lungs of 4.5 percent of the mice of 
the respective strains. 
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Pathologic Changes, With Special Refer- 
ence to Pigmentation and Classification 


of Hepatic Tumors 


in Rats Fed 


p-Dimethylaminoazobenzene (Butter 


Yellow)’ 


By Jesse E. Epwarps, research fellow, and JuLtius Wuite, research fellow, National Cancer 
Institute, National Institute of Health, United States Public Health Service. 


INTRODUCTION 


A survey of the literature on the adminis- 
tration of butter yellow to rats indicates a 
lack of unanimity of opinion regarding (1) 
the cell of origin of the induced hepatic 
tumors, and (2) the hyperplastic or neo- 
plastic nature of certain lesions of the 
intrahepatic bile ducts. The purpose of 
this communication is to present deduc- 
tions regarding these lesions on the basis 
of published reports and new material 
studied by the writers. Certain associated 
changes are described, such as visceral 
pigmentation, which has received only 
passing consideration by other investigators 
working in this field. 


TECHNIQUE 


The carcinogenic dye was fed to 106 
rats of the Osborne-Mendel strain, be- 
ginning when the rats were 1 month of 
age, both sexes being represented. One 
group of 36 animals was fed the basal 
diet of White and Jackson (7) supple- 
mented with 0.06 percent butter yellow; ? 
another group of 56 received the basal 
diet supplemented with 0.06 percent butter 


1 Since the name “‘butter yellow”’ is the one commonly 
employed for p-dimethylaminoazobenzene, it will be 
used throughout this paper. 

2 The butter yellow used in these experiments was 
purified in these laboratories by Dr. Jonathan L. 
Hartwell. It possessed a melting point of 117°-118° 
C. corrected. 


yellow and 0.5 percent cystine; and a third 
group of 14 rats was fed the basal diet 
supplemented with 0.5 percent methionine 
and 0.06 percent butter yellow.? About 
200 rats were used for transplantation 
studies and were maintained on a diet of 
Purina dog-chow pellets. The animals 
were kept in individual cages, and tap 
water was allowed freely. Those receiving 
butter yellow were killed and autopsy was 
performed at from 2 to 52 weeks after 
the beginning of the experiment, the ma- 
jority between the fifth and seventh experi- 
mental months. 

Only in unusual instances were animals 
allowed to die, and except for these and 
for those rats selected at random in the 
early stages, autopsy immediately follow- 
ing decapitation was usually performed on 
animals obviously in failing health. Pieces 
of tissue removed at autopsy were fixed 
in Zenker’s fluid, dilute formaldehyde 
(U.S. P. 1:10) and 95 percent ethyl alcohol. 
Some were frozen and sectioned, and 
others were blocked in paraffin or celloidin. 
In order to throw light on the solubility 
of certain pigments discussed below, the 
precise steps in the technique of paraffin 
embedding are given. The fixed tissue 
was placed in 70 percent ethyl alcohol for 


3 Further details of the effects of these diets on pro- 
duction of tumors by butter yellow will be reported 
subsequently. 
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24 hours or longer and then progressively 
into the following liquids: 95 percent ethyl 
alcohol, 4 hours; absolute ethyl alcohol, 
4 hours; cedar oil, 8 hours; xylol, 1 hour; 
xylol-paraffin at 37° C., 1 hour; and melted 
paraffin at 60°, 2 hours. 

The haematoxylin and eosin stain on 
paraffin sections of Zenker’s fixed tissue 
was used routinely. Special stains em- 
ployed on occasion included Mallory’s 
aniline blue connective tissue stain, Mal- 
lory’s phosphotungstic acid-haematoxylin 
stain, the potassium ferrocyanide-hydro- 
chloric acid test for iron, van Gieson’s 
connective tissue stain, Foot’s modification 
of Bielschowsky’s stain for reticulum, the 
phloxine-methylene blue stain, Verhoeff’s 
stain for acid-fast bacilli, the osmic acid, 
sudan IV, and Nile blue sulfate stains for 
fat, Lepehne-Pickworth stain for hemo- 
globin, and Mallory’s basic fuchsin stain 
for hemofuscin. 


GROSS PATHOLOGY 


LIVER 


Within 2 weeks the liver became yellow> 
smooth, and soft, with a homogeneous, 
slightly glistening cut surface. Pieces of 
liver would often float when placed in 
Zenker’s or formalin solutions. The yellow 
color was maintained as late as 1 year 
after the start of the experiment. At 100 
days the capsule was often pitted, and 
there were depressed or elevated plaque- 
like areas on the surface. By 150 days the 
liver usually showed the classical appear- 
ance of cirrhosis with increased consistence, 
yellow or brown granules or nodules on the 
surface, and loss of parenchyma in large 
areas overlying which were wide, flat- 
based depressions. An entire lobe was 
sometimes shrunken to approximately one- 
sixth of its original volume, appearing as 
a thin, transluscent piece of firm, leathery, 
white tissue with a corrugated capsule. 


Smaller lesions of this type were charac- 
terized by flat, depressed areas which proved 
to be composed largely of proliferated bile 
ducts. 

The cut surface of the cirrhotic liver 
showed considerable distortion of architec- 
ture, with the parenchyma arranged in 
yellow and yellowish-brown nodules sep- 
arated and surrounded by strands of con- 
nective tissue. In the extensively shrunken 
regions, the cut surface was homogeneous, 
glistening, and pearly gray. Such areas 
were often associated with multilocular 
cysts measuring 2-6 mm. in diameter and 
containing colorless or faintly yellow serous 
fluid. 

Those livers that showed tumors were 
almost always grossly cirrhotic. In the 
few instances in which cirrhosis was not 
easily identified at autopsy there was often 
microscopic evidence of this lesion. Of 
the 106 rats fed butter yellow, 66 showed 
gross evidence of primary hepatic carci- 
noma. 

In livers with an early or small tumor, 
the nodule appeared as white, relatively 
firm tissue which protruded above the 
surface. Rarely a small tumor nedule 
was concealed within the organ and dis- 
covered only on section. Since the ma- 
jority of animals were killed after they 
had shown clinical signs of ill health or a 
palpable abdominal mass, the liver often 
showed extensive involvement with neo- 
plastic tissue (fig. 1). This was distrib- 
uted in the form of numerous localized 
nodules scattered throughout the liver 
and gave rise to much irregularity in 
outline and increase in size of the organ. 
Very often there was one mass, measuring 
as much as 4.0 cm. in diameter, which 
was definitely larger than the remaining 
ones. Occasionally a large dependent 
mass was suspended from the liver by a 
relatively thin pedicle of attenuated 
hepatic tissue. Rarely, such a_ pedicle 
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was twisted and the suspended mass 
showed signs of hemorrhagic infarction. 
The tumor tissue varied from soft, semi- 
fluctuant, or rubbery-firm. In one speci- 
men the tumor was definitely hard, which 
suggested a bony character. The softer 
tumors varied from purple to pearly 
gray, while the more firm tissue was 
white. Cut section of tumor masses re- 
vealed cysts measuring up to 5 mm. in 
diameter and filled with bloody or yellow 
fluid. Although no detailed tabulation 
was made as to specific lobes involved by 
tumor, there appeared to be equal in- 
volvement among the various lobes. 


PERITONEUM 


Hemorrhagic ascites averaging 20 cc. 
in amount occasionally occurred in ani- 
mals with tumors. Usually it appeared 
to originate from a capsular laceration 
overlying a hemorrhagic tumor of the 
liver. The great omentum was often 
found adherent to the liver over a tumor 
mass and at times invaded by neoplasm. 
The peritoneum was sometimes studded 
with soft pink or purple implants measur- 
ing up to 0.8 cm. in diameter. As a rule 
they were most numerous on the mesentery 
and along the hilum of the spleen. From 
the latter situation there often was direct 
extension of tumor into the substance of 
the spleen. In a few instances there was 
direct invasion of the diaphragm by a 
tumor in the liver. 


KIDNEY 


As early as 2 weeks from the onset of 
butter-yellow feeding the kidneys ap- 
peared dark brown. On section this fea- 
ture was seen restricted to the cortex and 
was responsible for a striking contrast in 
color between cortex and medulla. The 
kidney did not appear altered in size, and 
there were no gross scars. 


Ficure 1.—Gross photograph of the liver of a 
butter-yellow-fed rat showing cirrhosis and 
three tumor masses. 


SPLEEN 


In those cases with an established cir- 
rhosis of the liver, the spleen was enlarged, 
firm, and reddish-purple. No evidently 
true metastases were found, but in some 
cases with peritoneal deposits along the 
hilum there was direct extension of neo- 
plastic tissue into the substance of this 
organ. 

Luncs 


In a number of animals the lungs showed 
bronchiectasis and areas of pneumonia. 
These lesions were evidently unrelated to 
the experimental procedure since they 
also occurred in untreated rats in this lab- 
oratory. Occasionally the lungs showed 
metastatic tumor distributed as numerous 
purplish-gray subpleural nodules measur- 
ing up to 0.5 cm. in greatest diameter. 


LympHu NopeEs 


The mediastinal and periportal lymph 
nodes stood out prominently, usually ap- 
pearing grayish-brown in color. In no 
instance were metastases to the lymph 
nodes recognized grossly. 


GASTROINTESTINAL TRACT 


In four cases the forestomach showed 
papillomas. These were multiple, appear- 
ing as conical, gray, slightly rough eleva- 
tions, each 1-2 mm. in diameter. The re- 
mainder of the digestive tract was opened 
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in the majority of cases, and no lesion was 
demonstrable. 


MICROSCOPIC PATHOLOGY 
LIVER 


As early as 2 weeks from the start of 
butter-yellow feeding the liver showed ex- 
tensive fatty deposit in the cytoplasm of 
the parenchymal cells as evidenced by 
osmic acid and sudan IV stains. This fea- 
ture was seen throughout the course of 
the experiment. 


Eventually, though usually not before 
100 days, there was microscopic evidence 
of cirrhosis as shown by bands of connec- 
tive tissue of varying thickness laid down 
in a totally irregular fashion and giving 
rise to considerable distortion of architec- 
ture (fig. 2, A and B). The narrower 
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strands were composed of a moderate 
number of fibroblasts associated with vary- 
ing amounts of collagen and usually con- 
tained no other elements save occasional 
narrow capillaries. The wide bands of 
connective tissue, on the other hand, con- 
tained pigmented macrophages, numerous 
proliferated bile ducts, and many small 
blood vessels. 

In the early stages pigment was deposited 
in the Kupffer cells and later, in addition, 
within macrophages in areas showing focal 
loss of parenchyma. When cirrhosis was 
fully established, the pigment was most 
often seen in macrophages situated within 
the wider bands of connective tissue. No 
pigment was found in the epithelium of the 
bile ducts. Study of the pigment showed 
it to be of two distinguishable types. One 
was brown and granular, while the other 


Ficure 2.—A, Cirrhosis of liver. Parenchymal cells are fatty. Haematoxylin and eosin stain. 80; 
B, Cirrhosis of liver. Extensive architectural distortion. Mallory’s aniline blue connective tissue 


stain. x 80. 
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was distinctly globular and pale canary 
yellow. Each failed to stain with the 
haematoxylin and eosin and the phloxine- 
methylene blue stains. Furthermore, they 
were not removed by carbon tetrachloride, 
carbon disulfide, 6 hours in boiling chloro- 
form, or in the process of dehydration and 
paraffin embedding. With the potassium 
ferrocyanide-hydrochloric acid test for 
iron, the brown granular pigment gave a 
positive prussian blue reaction while the 
globular canary-yellow pigment was un- 
affected. The latter did not react like 
hemofuscin since it failed to change color 
with either 2 percent aqueous basic fuch- 
sin or the phloxine-methylene blue stain. 
In paraffin sections, from which the soluble 
lipoids had been removed in the dehydra- 
tion and embedding processes, the canary- 
yellow pigment gave a black reaction with 
the osmic acid stain for lipoids (fig. 3) and 


Ficure 3.—Globules of pigment in the liver giving 
a positive reaction for lipoids with osmic acid in 
a paraffin section of tissue. < 200. 


a brilliant red acid-fast reaction with 
Verhoeff’s stain for acid-fast bacilli. The 
Nile blue sulfate stain gave a blue color, 


Ficure 4.—A, Collection of cysts lined by simple flat epithelium. Haematoxylin and eosin stain. X 200; 
B, Early proliferation of bile ducts in a portal area. Mallory’s aniline blue connective tissue stain. 200. 
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connective tissue stain. X 80. 


and the pigment stained with sudan IV. 
With frozen sections the Lepehne-Pick- 
worth stain for hemoglobin was negative, 
and there was no change in color with 
hydrogen peroxide, or with concentrated 
hydrochloric, or nitric acids. It was not 
doubly refractile in polarized light. 
Bile-duct proliferation became apparent 
by the sixtieth day. Not infrequently 
these ducts were associated with cysts lined 
by a single layer of flat or cuboidal epithe- 
lium surrounded by a small amount of 
connective tissue (fig. 4, A). At first the 
ducts were confined to the portal areas 
(fig. 4, B) but later extended into the 
lobule replacing the parenchyma. The 
degree of this overgrowth was at times so 
great that extensive areas of parenchyma 
were completely replaced by proliferated 
ducts. Such .areas were characterized 


grossly by the white, flat-based depressions 
described above (fig. 5). Microscopically 
the nonneoplastic nature of the less exten- 
sive areas of bile-duct proliferation was 
obvious. In the case of the more extensive 
ones, however, it was necessary to con- 
sider the question of tumor. The evidence 
was against these lesions being neoplastic. 
The cuboidal to columnar cells lining the 
proliferated ducts usually resembled one 
another closely and were not stratified, 
the nuclear-cytoplasmic ratio was not 
altered, and mitotic figures were rare and 
not atypical (figs. 6 and 7, A). This rather 
orderly picture was in contrast with the 
appearance of adenocarcinoma described 
below. Supporting further the idea that 
the proliferated ducts did not represent 
malignant neoplastic tissue were their non- 
transplantability and the absence of local 
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Ficure 6.—A, Area of proliferated bile ducts to be distinguished from adenocarcinoma. Haematoxylin 
and eosin stain. 200; B, Area of proliferated bile ducts. Haematoxylin and eosin stain. > 250. 


invasion of blood vessels and of metastases. 

Negative results so far after 5 and 8 months, 

respectively, have attended subcutaneous 

transplantation of tissue from areas of 
414687—41——_5 


proliferated bile ducts in two instances. 
The connective tissue supporting the ducts 
in the liver was moderate in amount in the 
early lesions and gradually increased so 
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Figure 7.—A, Cross section of a proliferated bile duct lined by simple cuboidal epithelium showing 
considerable uniformity among the cells. Haematoxylin and eosin stain. < 1,900; B, Area of proliferated 
bile ducts showing an abundance of dense collagen separating the epithelial cells. Mallory’s aniline 
blue connective tissue stain. < 200. 


that the ducts appeared as scattered islands 8B). Thus not only was there lack of 
lying in a matrix of dense collagen. In evidence that the proliferated bile ducts 
such areas the epithelium of the ducts developed into carcinoma, but also the 
appeared atrophied and _ degenerated, lesion progressively underwent atrophy, 
being represented by shadow cells (fig. 7. degeneration, and fibrosis. 
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Primary Hepatic Tumors 


The fully established induced tumors of 
the liver, although showing a variety of 
pictures, could be divided histologically 
into two main groups, namely, hepatoma 
and adenocarcinoma. 


Hepatoma 


The characteristic feature of the hepa- 
toma was that the epithelial cells were 
arranged in cords alternating with endo- 
thelial-lined sinuses. Within this broad 
classification two general subtypes of 
neoplasm could be distinguished on the 
basis of cellular differentiation. 

Hepatoma type I.—This type of tumor 
well-differentiated and sometimes 
encapsulated. It was composed of rather 
large cells with abundant acidophilic 
cytoplasm and well-defined cell margins. 
The nuclei were large and vesicular with a 
single, large, prominent nucleolus (fig 8). 
The cells were arranged in cords alier- 
nating with endothelial-lined blood sinuses 
(fig. 9), the latter often being separated 
from the cords of epithelium by delicate 


ne. 


Ficure 8.—Hepatoma type I. Prominent cell mar- 
gins. Nuclei vesicular with prominent nucleoli. 
Haematoxylin and eosin stain. < 1040. 


slips of reticulum. So closely did this 
form resemble hepatic tissue that at times 
it was difficult to distinguish it from 
regenerated parenchyma in the cirrhotic 
process. Features which favored the diag- 
nosis of neoplasm as opposed to regener- 
ated tissue were the presence of papillary 
structures, cysts lined by liverlike cells 
(fig. 10, A), wide cords, or sheets of cells 


Ficure 9.—Hepatoma type I. Cords of cells resembling hepatic parenchymal cells alternating 


with endothelial-lined sinuses. Haematoxylin and eosin stain. 


X 200. 
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Figure 10.—A, Hepatoma type I. Papillary formation and cyst. Mallory’s aniline blue connective 
tissue stain. >< 200. B, Hepatoma type I. Solid area. Cells resemble hepatic parenchymal cells. 


Mallory’s aniline blue connective tissue stain. 


< 500. C, Hepatoma type I. Multilayered cords 


of cells resembling hepatic parenchymal cells lying beside endothelial-lined blood! sinuses. Haema- 


toxylin and eosin stain. 500. 


(fig. 10, B and C), and invasion of blood 
vessels (fig. 11). Extrahepatic metastases 
of this tumor were not encountered even 
where there was invasion of hepatic blood 
vessels. 


In the hepatoma of type I, acinar 
structures were not infrequently encoun- 
tered that were formed by cells closely 
resembling hepatic parenchymal cells (fig. 
12). These glandular structures either 
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were complete in themselves or were 
clearly transitions of the cordlike arrange- 
ment. They were seen not only in well- 
established tumors but also in hyperplastic 
atypical parenchymal nodules which ap- 
peared to represent early neoplasm (fig. 
13). 

Hepatoma type II1.—This type was more 
commonly encountered. Generally, it 
showed cords of cells with poorly outlined 
cell margins so that, in many areas, there 
was a suggestion of syncytial structure. 
The cytoplasm stained faintly and was 
usually basophilic. The nuclei were large 
and vesicular, each with a large prominent 
nucleolus (fig. 14). Transitional forms 
were present in which some tumor cells 
resembled those of hepatoma type I. 
The structural pattern was strikingly like 
that of the liver. The individual cords of 
epithelial cells were often covered by a 


delicate layer of thin collagen or reticulum 
and alternated with  endothelial-lined 
blood sinuses (fig. 15). The sinuses varied 
in diameter, at times appearing wide, 
even cavernous, and at other times almost 
entirely collapsed, thus imparting a rather 
solid character to the tumor. Even in 
such areas the fundamental relationship 
of epithelium to the blood vessels was 
maintained (fig. 16). Acinar structures 
and cysts lined by neoplastic cells as in 
type I were seen (figs. 17 and 18). 


Adenocarcinoma 


The adenocarcinoma type of tumor was 
characterized by cuboidal or columnar 
epithelium arranged in acini surrounded 
by a moderate amount of connective tissue 
(fig. 19, A). Almost every tumor classified 
as adenocarcinoma was associated with 
tumor tissue growing as hepatoma (fig. 19, 
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Ficure 11.—Invasion of a blood vessel by hepatoma type I. Haematoxylin and eosin stain. < 400. 
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Ficure 12,—A, Acinar formation in hepatoma type I. Haematoxylin and eosin stain. 320; B, Higher 
magnification of part of acinus seen in A. Tumor cells resemble those of hepatic parenchyma. The 
relation of the tumor cells to endothelial-lined blood sinuses is strikingly similar to that of normal 
hepatic parenchymal cells. Haematoxylin and eosin stain. X 1500. 
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Ficure 13.—Early hepatoma showing large cells resembling those of hepatic parenchyma, some forming 
acini. Haematoxylin and eosin stain. 435. 


{ 


Ficure 14.—Hepatoma type II showing cords of epithelial cells, some with poorly outlined cytoplasmic 
margins imparting a syncytial character. Haematoxylin and eosin stain. < 1300. 
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Ficure 16.—Hepatoma type II. 


JOURNAL OF THE NATIONAL CANCER INSTITUTE 


Ficure 15.—Hepatoma type II showing syncytial-like cords of tumor cells alternating with endothelial 


lined blood sinuses. Haematoxylin and eosin stain. & 130. 


Cords of tumor cells alternating with very narrow endothelial-lined 
blood sinuses. Haematoxylin and eosin stain. X 500. 
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B). In contrast with the hepatoma, the 
adenocarcinoma did not show the charac- 
teristic hepatic arrangement of alternating 
epithelial cells and blood sinuses (fig. 20). 
The features distinguishing adenocarci- 
noma from nonneoplastic bile-duct prolifer- 
ation were cellular stratification (fig. 21), 
numerous and atypical mitoses, irregularity 
in the size and shape of the cells, increase in 
the nuclear-cytoplasmic ratio, the presence 
of solid sheets of cells (fig. 22, A) and 
papillary structures (fig. 22, B), invasion 
of blood vessels, metastases, and trans- 
plantability. 

Acinar structures were described under 
the hepatomas. These were formed by 
cells which individually were indistin- 
guishable from those of the remainder of 
the hepatoma in which a cordlike arrange- 
ment predominated. Furthermore, these 
acinar structures in the hepatomas still 
retained the same characteristic relation- 
ship to the connective tissue and blood 
vessels as did the cords (figs. 12 and 17). 
In the adenocarcinoma, on the other 
hand, this characteristic relationship was 
absent. 


Early Neoplasm 


Livers of butter-yellow-fed rats either 
with or without fully developed tumors 
showed numerous areas which were sug- 
gestive of early neoplasm. Such areas 
were characterized by an increase in size 
and loss of vacuolization of the parenchy- 
mal cells involving the lobule either in 
part or completely. Associated with these 
changes were enlargement of nuclei, an 
increased prominence of nucleoli, and loss 
of glycogen (fig. 13). 


Stroma 


In the primary hepatomas the stroma 
was characteristically scanty in amount, 
being composed of delicate strands of 


Ficure 17.—Hepatoma type II with a cord of 
tumor cells continuous with an acinus. Haema- 
toxylin and eosin stain. < 360. 


collagen or reticulum between the tumor 
cells on the one hand and the endothelial 
cells of the sinusoids on the other. The 
stroma in the adenocarcinomas was much 
more abundant, being composed of num- 
erous fibroblasts and varying amounts of 
collagen. 

In two instances the stroma in adeno- 
carcinoma showed numerous foci of well- 
differentiated membranous bone, in one 
there were foci of well-differentiated hya- 
lin cartilage in addition (fig. 23). Both 
of these elements were well-differentiated 
and showed no mitoses, atypical cells, or 
tumor giant cells. In neither case was 
the primary hepatic tumor mass attached 
to any skeletal structures at the time of 
autopsy. 
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Ficure 18.—Hepatoma type II with a cord of tumor cells continuous with a neoplastic cyst. Haematoxy- 
lin and eosin stain. * 180. 


Fat 

Sudan IV stains for fat made on a num- 
ber of representative primary tumors and 
on subcutaneous transplants, as a rule, 
showed the tumor cells devoid of demon- 
strable fat. A small amount of this sub- 
stance was identified within areas of ne- 
crosis usually in macrophages and occa- 
sionally in neighboring viable tumor cells. 
This was interpreted as fatty degeneration. 


Bile and Pigments 


Neither biliary salts nor any pigments 
have been demonstrated in our primary 
tumors, metastases, implants, or trans- 
plants. Pigment-containing macrophages 
were identified in small numbers within 
the tumors, usually at the periphery. The 
pigments were identical with those in the 
cirrhotic liver, and their presence in the 
tumor seemed incidental to invasion of 


the liver by the tumor. Occasionally 
foci of phagocytized iron-containing pig- 
ment was found in the interior of a tumor 
mass. Such collections were apparently 
derived from hemorrhages which were 
often present in the vicinitv. 

A peculiar structure which at first was 
regarded as composed of biliary constit- 
uents occurred in the intercellular spaces 
of the tumor or between the tumor cells 
and the supporting connective tissue. 
The nature and significance of this is not 
known to the writers at present. It ap- 
peared as a colorless, branched material 
which fitted castlike the spaces in which it 
lay (fig. 24) or was closely applied to 
strands of collagen from which it could 
readily be distinguished with Mallory’s 
aniline blue stain. This substance stained 
red with haematoxylin and eosin, yellow- 
ish-red with Mallory’s phosphotungstic 
acid-haematoxylin stain, and orange with 
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Ficure 19.—A, Adenocarcinoma. Stroma abundant. 


No specific relationship between the epithelium 


on one hand and the connective tissue and blood vessels on the other. Haematoxylin and eosin stain. X 
120; B, Adenocarcinoma mixed in same tumor with hepatoma. Haematoxylinand eosin stain. X 100. 


Mallory’s aniline blue stain. It was more 
abundant and much more common in 
transplants than in the primary tumors. 
Except for the absence of pigment, some 
of the structures occupying an intercellular 
position could not otherwise be distin- 
guished from biliary casts as observed in 
obstructive jaundice. 


Cytoplasmic Inclusions 


Spherical cytoplasmic inclusions oc- 
curred in tumor cells more commonly in 
hepatoma than in adenocarcinoma. There 
was variation in size, the larger ones being 
somewhat larger than the average nucleus 
(fig. 25). With the haematoxylin and 


eosin stain the inclusions were usually 
acidophilic, less often blue, and rarely pale 
grayish green. 

Those bodies which were basophilic 
suggested Russell fuchsin bodies but un- 
like these were not acid-fast when stained 
with Verhoeff’s stain for acid-fast bacilli. 
With Mallory’s aniline blue stain they 
showed a central blue core surrounded by 
an unstained zone outside of which was a 
blue marginal rim. While these inclu- 
sions were most commonly found within 
the cytoplasm of the tumor cells, rarely 
they were found free in what appeared to 
be preformed spaces, possibly lymphatic 
vessels (fig. 26). 


1 


174 JOURNAL OF THE NATIONAL CANCER INSTITUTE 


Ficure 20.—Cross section of an acinus in adenocarcinoma. Notice the lack of characteristic relationship 
between the epithelium and the stroma. (See fig. 12, B.) Haematoxylin and eosin stain. X 1500. 


Glycogen 

Best’s carmine stain for glycogen was 
performed on a number of representative 
primary tumors including all the histologic 
types. In none of the specimens was there 
any demonstrable glycogen in the tumor 
cells, while in the case of the adjacent liver 
tissue the parenchymal cells showed a con- 
siderable amount of this substance. In 
hepatomas growing as subcutaneous trans- 
plants there was likewise no demonstrable 
glycogen within the tumor cells. However, 
in necrotic areas within the transplants, 
one could find a small number of glycogen 
droplets lying free in the necrotic debris. 

The effect of forced feeding of glucose 
was studied on transplanted hepatomas. 
One rat was killed as a control. Each of 


three others was given 0.6 gm. of glucose 
by stomach tube and killed 1, 2, and 3 
hours later, respectively. Slices of liver 
and of subcutaneous tumor were placed 
in 95 percent ethyl alcohol a few seconds 
after the decapitation. The tissues were 
fixed for 24 hours, blocked in celloidin, 
sectioned, and stained with Best’s carmine 
stain for glycogen. In each instance gly- 
cogen was demonstrated within the paren- 
chymal cells of the liver in considerable 
quantities, but the tumor cells showed 
none. There were a few glycogen droplets 
free in the necrotic areas as described 
above. 

In addition to the use of staining tests, 
quantitative chemical determinations for 
glycogen were made on_ subcutaneous 
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transplants of a hepatoma type II and on 
the livers of the rats bearing these trans- 
plants. Six rats, each fed 0.6 gm. of 
glucose, were killed 2, 12, 18, 24, 48, and 
72 hours afterwards, respectively. 

The determinations for glycogen were 
made by the method of Good, Kramer, 
and Somogyi (2) which is an improved 
modification of Pfliiger’s original method. 
A 15-cc. pyrex test tube containing 30 
percent potassium hydroxide (approxi- 
mately 2 cc. per gram of tissue) was stop- 
pered and weighed. The livers and tumor 
tissue to be analyzed were rapidly removed 
from the animal after death and submerged 
in the potassium hydroxide. The test tube 
was stoppered and weighed. The stopper 
was then removed and the tube immersed 
in a boiling-water bath. As soon as the 
tissue dissolved, the glycogen was precipi- 
tated with 1.1 to 1.2 volumes of 95 percent 
alcohol. The mixture was heated again 
and then cooled to room temperature and 
centrifuged. The mother liquor was de- 
canted and the tube allowed to drain. 
The remaining alcohol was expelled by 
heating the tube a few minutes in the 
water bath. The glycogen was hydrolyzed 
by heating 3 hours with 0.6 N hydrochloric 
acid (2 cc. for every 1 gm. of the original 
tissue). The solution was cooled and 
neutralized with sodium hydroxide, phenol 
red being used as the indicator. The solu- 
tion was then diluted to a proper dilution 
depending on the original amount of ma- 
terial used. Sugar was determined by 
the Somogyi (3) modification of the 
Shaffer-Hartman method (4). The results 
are given in table 1. 


Metastasis and Peritoneal Implantation 


The secondary tumors growing as me- 
tastases or as peritoneal implants consisted 
of hepatoma type II and adenocarcinoma 
singly or in combination. As stated pre- 
viously, hepatoma type I did not metasta- 


Ficure 21.—Longitudinal section of an acinus 
in adenocarcinoma showing stratified columnar 
cells with relatively large nuclei. Haematoxylin 
and eosin stain. X 1500. 


size or yield implants. Of the 66 rats with 
carcinoma of the liver, 13, or 20 percent, 
showed metastases. 


SPLEEN 


The spleen usually showed engorgement 
of the pulp and extensive deposits of iron- 
TABLE 1.—Quantitative determinations of glycogen in 


zat hepatoma growing as subcutaneous transplants and 
of the livers of the rats bearing these transplants } 


Time after | Glycogen in | Glycogen in 
feeding hepatoma | normal liver 
Hours Percent Perzent 
2 0. 06-0). 10 1.4-2.7 
12 . 048-. O88 1.4-2.4 
18 O44-. O86 1. 4-2.6 
24 -05 -. 12 .8- 
48 04-. 06 
72 -05 -.10 06-. 10 


1 Studies done at varying intervals from the time of forced 
feeding of 0.6 gm. of glucose to each rat. 
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Figure 22.—A, Adenocarcinoma showing acini and adjacent sheets of nonspecific cells. Haematoxylin 
and eosin stain. X 235. 8B, Papillary formation in adenocarcinoma. Haematoxylin and eosin 


stain. X 415. 


containing pigment most striking in cases of 
well-established cirrhosis of the liver. The 
amount of pigment present was usually so 
abundant that slices of spleen tested grossly 
quickly showed a diffuse positive prussian 
blue reaction. On microscopic examina- 
tion, the pigment was exclusively iron- 
containing and fairly evenly distributed 
throughout the red pulp. None of the 
globular canary-yellow pigment present in 
the liver was identified in the spleen. No 
fibrosis of the spleen was observed. 


KIDNEY 


The glomeruli and medullary tissues 
appeared normal. Many of the lining 
cells of the convoluted tubules and occa- 
sional stromal macrophages in the cortex 
were pigmented. The nature of the pig- 
ment has not been established. In sec- 
tions unstained or in those stained with 
haematoxylin and eosin, the material was 


golden brown and granular (fig. 27). It 
gave negative reactions with the potassium 
ferrocyanide-hydrochloric acid test for 
iron, the aqueous basic fuchsin stain for 
hemofuscin, and the Lepehne-Pickworth 
stain for hemoglobin. It was not changed 
by concentrated hydrochloric or nitric 
acids or by hydrogen peroxide. With 
sudan IV the pigment had a faint red 
color which, however, did not affect all the 
granules. It was insoluble in ethy! alcohol 
and in chloroform and was not doubly re- 
fractile with polarized light. 


GASTROINTESTINAL TRACT 


The gastric papillomas described grossly 
were situated in the forestomach. They 
were characterized by overgrowth of the 
squamous epithelium which was arranged 
in papillary formation overlying plugs 
of connective tissue. There were a few 
mitotic figures in the basal cells. The 
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Ficure 23.—Well-differentiated bone and cartilage in the stroma of an adenocarcinoma. Mallory’s 
aniline blue connective tissue stain. < 200. 


epithelium showed no loss of differentia- 
tion, and there was no invasion of the 
basement membrane. Sections taken at 
random from the tongue and other por- 
tions of the gastrointestinal tract showed 
no abnormality. 


LympH NopDeEs 


Several mediastinal and periportal nodes 
showed varying-sized deposits of meta- 
static carcinoma not large enough, how- 
ever, to be recognized grossly. These 
were found not only in rats with primary 
hepatic carcinoma but also in animals 
bearing transplants of hepatoma type II. 
The lymph sinuses showed a large number 
of free phagocytic cells with ingested 
pigment of both the iron-containing and 
the canary-yellow types seen in the liver. 


PANCREAS 


The pancreas was normal and showed 
no pigmentation. 


DISCUSSION 


Few reports on_ butter-yellow-feeding 
experiments have emphasized the _re- 
sultant pigmentary changes. In our ma- 
terial three distinct types of pigment were 
observed. One was an iron-containing, 
granular, brown pigment found in the 
liver, spleen, and lymph nodes. Its oc- 
currence can probably be explained on 
the basis of the hemolysis resulting from 
the administration of butter yellow (5). 
The second pigment, which was found in 
the tubular cells and macrophages of the 
renal cortex, was brown and granular. 
It was apparently identical with that de- 
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Ficure 24.—Castlike intercellular material in a 


hepatoma. Mallory’s aniline blue connective 
tissue stain. 1650. 


scribed by Fairhall and Miller (6) in the 
kidneys of rats receiving compounds of 
lead. It gave negative tests for iron and, 
as Fairhall and Miller suggest, may rep- 
resent de-ironized blood pigment. The 
third pigment, also iron-free, was de- 


Ficure 25.—Two cytoplasmic inclusions in a 
primary hepatic carcinoma. Haematoxylin 
and eosin stain. X 1380. 


posited in the liver and lymph nodes as a 
canary-yellow material. Its reactions 
with osmic acid, sudan IV, Nile blue 
sulfate, and Verhoeff’s stain for acid-fast 
bacilli indicated its lipoidal nature. 
Anderson (7) has shown that the acid- 
fast quality of the tubercle bacillus is de- 
pendent upon the presence of an unsa- 
ponifiable wax. In the case of the tubercle 
bacillus the acid-fast wax is soluble in 


Ficure 26.—Spherical bodies similar to inclusions of figure 25 in a preformed space. Haematoxylin and 
eosin stain. x 500. 
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chloroform, while our acid-fast pigment 
under consideration is not. This observa- 
tion, together with its staining qualities, 
would suggest that our pigment is a lipoid 
in conjugated form. This material is not 
specific for butter-yellow cirrhosis since it 
has been found in the cirrhotic liver pro- 
duced by other dietary means in which 
butter yellow was not employed (8). The 
presence of pigments in the livers of the 
rats fed butter yellow should not lead to 
confusion with the cirrhosis of hemo- 
chromatosis in man (9). In _ cirrhosis 
caused by butter yellow, no iron-contain- 
ing pigment occurs in the bile-duct epithe- 
lium as in the latter condition, in which, 
furthermore, the iron-negative pigment is 
hemofuscin. In our material the iron- 
negative pigment does not give the reac- 
tions for hemofuscin. 

It is accepted that primary tumors of 
the liver in man may contain bile pigment. 
Kinosita (5) states that bile pigment also 
occurs in experimental hepatomas. We 
have not been able to confirm Kinosita’s 
observation. No pigment was observed in 
the tumor cells in our material, either in 
the primary growths or in their trans- 
plants. Whether the material suggesting 
intercellular casts contains biliary constit- 
uents cannot be stated. Since these cast- 
like bodies were never pigmented in un- 
stained sections and were often intimately 
associated with collagen, they may repre- 
sent strands of connective tissue that for 
some reason failed to take the specific 
stains. 

The epithelial changes in the livers of 
rats fed butter yellow present a number of 
points for consideration. These include 
the cell of origin of the tumors, the benign 
or malignant character of certain hepa- 
tomas, and the question of the neoplastic 
or nonneoplastic nature of cysts and pro- 
liferated bile ducts. Two types of cysts 
occurred in the liver, one as a part of 
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Ficure 27.—Renal convoluted tubule showing 
granular pigment. Haematoxylin and eosin 


stain. 1700. 
neoplasm and the other associated with 
proliferated bile ducts in the cirrhotic liver. 
The first was easily identified as a neoplas- 
tic cyst because it was part of a tumor mass 
and was lined with stratified atypical cells 
indistinguishable from those in the neigh- 
boring more solid tumor tissue. The 
second was not part of a tumor mass and 
was lined with a single layer of well-differ- 
entiated, flat, or cuboidal epithelium. 
The latter cyst has been designated cyst- 
adenoma by some authors, including Orr 
(70). The use of this term implies that the 
lesion is neoplastic. Certainly the uni- 
formity of the cells indicates that it is not a 
malignant tumor. Indeed, that it is a 
tumor even in the benign sense is doubtful, 
since an apparently similar lesion occurs 
in livers damaged by noncarcinogenic 
hepatotoxic substances (77). 

The tumor described as hepatoma type I 
was a well-differentiated neoplasm of the 
hepatic parenchymal cell. It was at times 
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encapsulated, did not yield implants, and 
even in cases with invasion of blood vessels 
failed to metastasize. These facts suggest 
that some type I hepatomas may be be- 
nign. In support of this view is the fact 
that benign hepatomas occur in man, as 
Ewing (72) has pointed out. 

In the literature on butter-yellow feed- 
ing, the lesion we described as being com- 
posed of proliferated bile ducts has been 
at times incorrectly interpreted as adeno- 
carcinoma. The gross feature of a wide, 
flat-based, depressed lesion is often suffi- 
ciently characteristic for correct diagnosis 
at autopsy. The points against its being 
adenocarcinoma are regularity of the 
acinar epithelial cells, lack of stratification, 
rare mitosis, no increase in the nuclear- 
cytoplasmic ratio, absence of invasion of 
blood vessels or of metastases, and negative 
results on transplantation. 

Primary hepatic tumors in man do not 
contain stainable glycogen (73). Kinosita, 
working with experimental hepatic tumors 
in the rat, stated that the tumor cells did 
contain glycogen. Our results are con- 
trary to Kinosita’s. No stainable glycogen 
was found in the primary hepatic tumors 
or in the subcutaneous transplants either 
before or after the forced feeding of glucose. 
By precise quantitative chemical determi- 
nations for glycogen, however, small quan- 
tities were found. Our studies are as yet 
not sufficiently advanced to enable us to 
state just how accurate a criterion absence 
of glycogen is for the very earliest 
developmental stages Of tumors. Small 
hyperplastic nodules of hepatic tissue, in- 
distinguishable from one another by ordi- 
nary stains, were observed in which gly- 
cogen was present in some and absent 
from others. Whether the regenerating 
nodules showing absence of glycogen actu- 
ally represented foci which had already 
become neoplastic cannot be stated with 
assurance at present. Regenerating hepatic 


tissue, examined by Best’s carmine stain 
18, 24, and 48 hours, respectively, after 
partial hepatectomy, contains glycogen in 
the vast majority of the cells. Further 
studies along this line are indicated. 

There is rather uniform agreement in 
the literature that experimental tumors of 
the liver are of two general types, namely, 
hepatoma and adenocarcinoma. How- 
ever, although it is generally conceded 
that the hepatoma is derived from the 
parenchymal cell of the liver, there is lack 
of unanimity of opinion concerning the cell 
of origin of adenocarcinoma. Charac- 
teristic of the prevailing opposite points of 
view are those of Maruya (74) and 
Kinosita (75) on the one hand, and Orr 
(70) on the other. Maruya and Kinosita 
are of the opinion that the adenocarci- 
noma is derived from the hepatic paren- 
chymal cell, whereas Orr considers it to 
be a tumor of bile-duct epithelium. 

Orr bases his opinion as to the cell of 
origin of these two tumors largely on the 
morphology of the tumor cell. He states: 

In some of the liver-cell carcinomata there were 
considerable amounts of tubular growth and at 
times this gave rise to doubt as to whether the 
tumour was not of bile duct origin. * * * 
The most helpful criterion in the most difficult 
sections was probably the appearance of the tu- 
mour nuclei. Liver-cell nuclei are in general 
relatively larger than those of bile-duct epithelium 
and show a somewhat firmer nuclear membrane 
and a more clearly marked reticulation and nod- 
ing of the chromatin; liver-cell nuclei generally 
have one prominent nucleolus, often acidophile, 
whereas bile duct nucleoli are smaller, hardly 
ever acidophile and often two or three are equally 
prominent. 


Orr indicated that the ratio of hepatic- 
cell carcinoma to bile-duct carcinoma was 
approximately 2:3 in his material. 

We believe, contrary to Orr, that on the 
basis of cytologic characteristics alone it is 
difficult to indicate the cell of reference for 
a tumor as nonspecific as is this adenocar- 
cinoma. While it is true that a bile-duct 
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carcinoma could be expected to grow as 
does the adenocarcinoma in question, Orr 
gives insufficient consideration to the pos- 
sibility that neoplastic cells of hepatic 
parenchymal origin could also duplicate 
the structure of this tumor. Kinosita, 
studying the evolution of experimental 
hepatic tumors, observed proliferation of 
the hepatic cells in the outer zone of the 
lobule as the first change toward neoplasm. 
In developing hepatoma, this small cel- 
lular overgrowth, with a scanty stroma, 
extended inward toward the central vein. 
When adenocarcinoma developed, on the 
other hand, the cellular expansion was in 
a peripheral direction toward the bile 
ducts, and an abundance of connective 
tissue was laid down in relation to the 
tumor epithelium. Kinosita feels, there- 
fore, that in each tumor the cell of origin 
is the same, namely, the hepatic parenchy- 
mal cell. Some unknown factor, he be- 
lieves, controls the direction of growth of 
the proliferating hepatic cells and the lay- 
ing down of connective tissue so that in 
some cases hepatoma develops, and in 
others adenocarcinoma. 

In our material we have not been able 
to follow in detail the processes described 
by Kinosita. It is not inconsistent, how- 
ever, that an adenocarcinoma could 
develop from the hepatic parenchymal 
cell. In the normal liver, collecting cana- 
liculi are formed by hepatic cells arranged 
as acini. This acinar arrangement is car- 
ried over into the hepatomas where cells 
otherwise indistinguishable from each 
other may form either cords or glands, 
the two sometimes being in continuity. 
Therefore, since the hepatic cell may form 
acini in the normal liver and in the hepa- 
toma, it may possibly by a loss of differen- 
tiation give rise to the adenocarcinoma 
which is composed of cells lacking specific 
cytologic characteristics. 

On the negative side of the question 
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there was complete absence of evidence 
that transitions existed between nonneo- 
plastic proliferation of bile ducts and 
adenocarcinoma in our material. Indeed, 
in the large, flat-based lesions composed 
entirely of bile ducts, the change was not 
in the direction of neoplasm, but just the 
opposite, namely, atrophy, degeneration, 
and fibrosis. If the intrahepatic bile ducts 
developed tumors under the influence of 
butter yellow, there would seem to be no 
sound reason for the epithelium of the 
extrahepatic bile ducts to be completely 
resistant in this respect. No unequivocal 
example of induced carcinoma of the 
extrahepatic bile ducts has been reported 
in rats fed butter yellow. While admitting 
that the cell of origin of the induced adeno- 
carcinoma of the liver has by no means 
been directly established, we believe that 
the evidence tends to support the idea that 
this tumor may well be derived from the 
hepatic parenchymal cell. 

The occurrence of bone in induced pri- 
mary carcinomas of the liver has not been 
described previously. A number of observ- 
ers have noted extraskeletal bone forma- 
tion in various tissues of man including 
arteries, lung, muscle, and eye (/7, 78), as 
well as in tumors of the breast, skin, and 
prostate (79), and teratomas. It occurs in 
primary carcinoma of the breast in dogs 
(20). Experimentally, bone formation has 
been seen by Stewart ® in subcutaneous 
transplants of primary pulmonary tumors 
of mice and by Foulds (27) in subcutane- 
ous transplants of a fowl carcinoma appar- 
ently arising in the Fallopian tube. One 
of the primary considerations is whether 
or not the bone and cartilage in our mate- 

4 ]t should be mentioned in this connection that Sasaki 
and Yoshida, who in an earlier communication had 
reported experimental production of carcinoma of the 
common bile duct in a rat fed o-aminoazotoluene, later 
retracted this statement. Their final opinion was that the 
tumor had actually arisen in the liver and had involved 


the common bile duct secondarily (16). 
5 Stewart, H. L.: Personal communication. 
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rial are neoplastic in nature. That they 
are not malignant is evidenced by their 
well-differentiated structure and_ the 
absence of mitoses and of tumor giant cells. 
Whether they represent benign tumor 
tissue is difficult to accept because of the 
multiplicity of the foci. It would seem 
more reasonable to consider them as meta- 
plastic lesions of the connective tissue. 
Huggins (77) obtained extraskeletal osse- 
ous tissue in dogs by transplanting strips 
of urinary bladder mucosa into the rectus 
sheath. In his experiments it was shown 
that the presence of regenerating transi- 
tional epithelium stimulated the meta- 
plasia of fibroblasts to osteoblasts. It may 
be that the same mechanism is responsible 
for the laying down of bone in our tumors. 


SUMMARY AND CONCLUSIONS 


1. A pathologic study was made, based 
on 106 rats of the Osborne-Mendel strain 
which were fed butter yellow and were 
subjected to autopsy at intervals from 2 
to 52 weeks. Of these, 66 developed pri- 
mary hepatic carcinoma with metastasis 
in 20 percent. 

2. Microscopically, the primary tu- 
mors, most of which occurred in cirrhotic 
livers, were divided into two major groups, 
hepatoma and adenocarcinoma. 


3. The hepatoma arose from the hepatic 
parenchymal cell and consisted of two 
subtypes, based on cellular differentiation. 
The more highly differentiated form, 
hepatoma type I, resembled hepatic 
tissue very closely and in certain in- 
stances might have been benign or con- 
fused with a nonneoplastic nodule of 
regeneration in cirrhosis. The less dif- 
ferentiated form, hepatoma type II, 
showed the general structural pattern of 
liver, although the tumor cells often had 
no striking resemblance to hepatic cells. 

4. Evidence is presented that the adeno- 
carcinoma is likewise derived from the 
hepatic parenchymal cell. 

5. The differential diagnosis between 
adenocarcinoma and _ proliferated bile 
ducts is presented. 

6. Three types of visceral pigmentation 
are described, and the nature and sig- 
nificance of each is discussed. 

7. Neither pigment nor glycogen was 
observed in the tumor cells. 
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Cell-Division Rate and 


Population Levels of Methylcholan- 
threne-Adapted Paramecia 


By R. R. Spencer, assistant chief, and M. B. MELRoy, assistant bacteriologist, National 
Cancer Institute, National Institute of Health, United States Public Health Service 


The greater survival value of methyl- 
cholanthrene-adapted paramecia  (Par- 
amecium multimicronucleatum) as compared 
with untreated control organisms has been 
reported in the second paper of this series 
(7). It was shown that paramecia exposed 
for more than 1 year continuously to the 
carcinogen through many cell cycles, re- 
moved from the hydrocarbon, and placed 
under conditions of partial starvation, 
were able to survive far longer than organ- 
isms from normal cultures cf the same 
strain and age. 

At present (August 1941), this process of 
adaptation to the presence of small 
amounts (1 mg. per liter) of methylcholan- 
threne in the medium has been continued 
for seventy-five 10-day transfers (May 
1939 to August 1941). During this more 
than 2-year period, we estimate that a 
minimum of 500 consecutive cell divisions 
have occurred, but probably 750 to 1,000 
would be a closer estimate. 

In addition to the greater survival value 
of the methylcholanthrene-adapted organ- 
isms, first noted about the twenty-fifth 
transfer, we now report another change 
in function or behavior which was certain- 
ly not present until after the forty-fourth 
transfer. 


MATERIALS AND METHODS 


In the experiments recorded below, we 
have employed the same materials and 
echniques as described under the head- 


ings “‘Adaptation Technique” and ‘“Tech- 
nique of Survival Test” in the former pub- 
lication. In fact, the only important 
difference between the earlier tests and 
those reported here lies in the element of 
time, the latter tests being performed at a 
later stage in the process of adaptation. 

In considering the 14 accompanying fig- 
ures and the results of daily population 
records of paramecia, it should be kept in 
mind that the transfer of paramecial cul- 
tures were made in all cases at 10-day 
intervals, or 11-day intervals if the transfer 
date fell on Sunday or a holiday. There- 
fore, the sixth transfer in methylcholan- 
threne refers to the organisms in the sixth 
of a series of culture bottles that have been 
transferred six times at 10-day intervals 
and to the fact that this continually grow- 
ing and multiplying strain has been ex- 
posed for at least 60 days to methylcholan- 
threne in a concentration of 1 mg. per liter 
of medium. The twelfth transfer means 
exposure of the strain for at least 120 days, 
and so on, 

In all tests, 0.1 cc. of the culture fluid 
containing the organisms was removed 
from the culture bottles by means of a 
capillary pipette. These organisms were 
washed in 5 cc. of fresh medium, and then 
carefully picked, one at a time, by means 
of a fresh capillary pipette, and trans- 
ferred to the 1-cc. bowls of the depression 
plates heretofore described (7). Since 
each 0.1 cc. of organisms that was removed 
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from a culture bottle could not contain 
more than 0.0001 mg. of methylcholan- 
threne, it is believed that when such 
organisms were washed in 5 cc. of fresh 
medium and again transferred, one by 
one, to the depression plates, the amount 
of methylcholanthrene carried over was 
negligible. 

Paramecia have been found in our hands 
to be extremely sensitive to slight changesin 
pH and to certain undetermined and vari- 
able conditions which obtain in the prepa- 
ration of each batch of medium. In any 
given set-up, however (figs. 1 to 14), the 
same freshly prepared batch of medium 
was invariably used for both the control 
and the test organisms. In this way, 
comparable results, in our experience, 
could be obtained, despite the fact that 
considerable variation in the cell-division 
rate and in the final number of organisms 
was observed when different batches of 
media are compared.! Our rigid tech- 
nique for the preparation of the pyrex 
glass depression plates has already been 
described (7). 

In all tests 72 organisms were isolated 
and placed in the 1-cc. capacity bowls of 
the depression plates, 2 organisms to each 


1 As an instance of the extreme sensitivity of paramecia 
to slight changes in the medium by means of a number 
of tests we satisfied ourselves that by simply filtering the 
medium through chemically pure hard filter paper, the 
population counts were always higher than in the same 
medium not filtered. 
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bowl. Only the basic salt-solution medium 
was used except where otherwise stated. 
A corresponding number of control organ- 
isms were, of course, always prepared 
in the same way, and all cultures employed 
in any given test were of the same age. 
Here again experience taught us that it 
was best to use cultures that were from 15 
to 25 days old. Younger cultures were 
far less stable. 


RESULTS 


When the process of adaptation of 
paramecia to methylcholanthrene was 
begun, we did not observe or suspect at 
first any functional or behavior changes; 
rather we anticipated changes in struc- 
ture. Therefore we did not carry out any 
tests for viability until after the twenty- 
fifth transfer (250 days), when it was 
noticed that the organisms in the methyl- 
cholanthrene-treated cultures were living 
longer than the controls. To make sure 
that the capacity of the adapted cells to 
live longer was not acquired in the first 
few generations, a fresh adaptation series 
was started. Figure 1 records the daily 
population of organisms from the sixth 
transfer of this series. No appreciable 
difference is noted between the number 
of organisms present after 12 days in the 
adapted group and in the controls. The 
population curves very nearly parallel 
each other, the controls revealing slightly 
higher counts. 

In figure 2, the population curve of 
organisms adapted for 12 transfers to the 
noncarcinogenic hydrocarbon, 1, 2—benz- 
anthracene, reveals no essential difference 
from the curve of control organisms. 

On the forty-fifth transfer in methylcho- 
lanthrene (fig. 3), one sees a very striking 
change in the pattern of the population 
curve of the methylcholanthrene-adapted 
organisms. 

Under exactly the same conditions, the 
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control organisms increased from 72 to 165 
within 2 days and then gradually declined, 
while the methylcholanthrene-adapted or- 
ganisms, on the other hand, continued to 
increase for 15 days and reached a popula- 
tion level of nearly 600 organisms. This 
curve should be compared with those of the 
thirty-fifth and forty-fourth transfers in 
methylcholanthrene (figs. 2 and 3 of the 
previous paper (7)), in which only in- 
creased viability was observed. In all tests 
before the forty-fifth transfer, these high 
population levels were not observed and 
the population peak was not delayed as in 
the test on the forty-fifth transfer. 

On the forty-ninth transfer (fig. 4), the 
test revealed a reversion to the pattern 
observed on the thirty-fifth and forty- 
fourth transfers, namely, an increased 
viability but not an increase in population 
level. 

In subsequent experiments (figs. 5, 6, 7, 
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6, 7, 8, 9, 10, and 11), the delayed peak 
and the high level in population were 
apparent. 

It was found that all the amino acids 
tested (glycine, d (/)-alanine, /-cystine, 
d-glutamic acid, d-lysine, d (/)-leucine, and 
l-tyrosine) seemed to stimulate the cell 
division of both the adapted and the con- 
trol organisms. In figures 7 and 8 are seen 
the effects of M-—10000 d (/)-alanine and 
l-cystine, respectively. It should be noted 
that the control organisms, whether an 
amino acid is available or not, reach their 
population peaks in 3 or 4 days, while 
organisms adapted for 52 transfers to 
methylcholanthrene are capable, under 
the same conditions, of reaching much 
higher population levels. Here we see 
that the rate of cell division of the adapted 
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organisms is slower than that of the control 
organisms. In this connection it should be 
recalled that the immediate effect of 
methylcholanthrene on the cell-division 
rate of paramecia is one of stimulation, 
first described by Wolman (2). 

When calcium pantothenate was added 
(fig. 9), a tremendous increase in popula- 
tion was observed, but again in each case 
the methylcholanthrene-adapted organ- 
isms reached a higher population level 
than the corresponding controls. 

When a Staphylococcus albus was added as 
food (fig. 12), again the methylcholan- 
threne-adapted organisms reached higher 
levels. Fluorescein-adapted organisms 
used as additional controls did not reach 
so high a population as did the normal 
untreated organisms. 

In figure 10 it may be seen that col- 
chicine had an inhibitory effect on the 
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control organisms and apparently some 
inhibitory effect at first on the adapted 
organisms. However, the latter in col- 
chicine on the seventeenth day reached a 
higher level than did the adapted organ- 
isms alone. 

Testosterone propionate (fig. 11) was 
also inhibitory to both controls and 
adapted organisms, killing all 72 of the 
controls in 24 hours. The adapted organ- 
isms were greatly reduced in numbers, but 
a few survived and finally began to multi- 


' ply, additional evidence of the increased 


survival value of these organisms. 

Figures 13 and 14 suggest that the in- 
creased capacity to survive is retained in 
considerable degree even after the species 
is removed from the forty-eighth methyl- 
cholanthrene transfer for a considerable 
number of cell divisions (5 and 10 trans- 
fers). One could hardly expect the ex- 
tremely high population levels to be re- 
tained in descendants of organisms of the 
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forty-eighth transfer since this behavior 
pattern was not acquired until the forty- 
fifth transfer. 


DISCUSSION 


Mottram (3), employing Paramecium 
aurelia “‘because it and closely related 
species have probably been more under 
observation than any other unicellwar 
organisms,”’ has observed “‘populations of 
cells having wide morphological variation 
resembling in many respects the assem- 
blage of cells of which tumors are built.” 
These results were noted in cultures sub- 
jected to several tumor-producing hydro- 
carbons. In our experience abnormal 
forms were frequently seen during the 
early period of the process of adaptation. 
Later on such forms were conspicuous by 
their absence, and it was assumed that 
through the process of selection they had 
all been eliminated. However, very re- 
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cently (seventieth transfer) a few such 
forms have again appeared. It is our 
impression, like that of Mottram and 
others, that these abnormalities always 
begin as double or multiple monsters, due 
to the failure of the cells to separate into 
daughters at cell division, i. e., failure of 
cleavage. Hundreds of such forms have 
been isolated by us and placed under the 
most favorable conditions. They either 
died off or after a few cell divisions re- 
turned to the normal morphology. Mot- 
tram also states that “the continued ex- 
posure of the blastogenic agents which 
produced the abnormal cells is not at all 
necessary for their reproduction, and 
further, that abnormals so produced will 
continue to produce abnormals, at least 
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for many generations, if not indefinitely.” 
Of course, such a strain may produce 
abnormal along with normal forms, but a 
pure race of abnormal organisms has not 
been produced either by Mottram or by 
us. To do this by means of blastogenic 
agents was the chief purpose of all of our 
experiments, and we are still inclined to 
attach no great significance to abnormal 
forms unless they breed true. 

Mottram did not consider “continued 
exposure” necessary for the production of 
abnormal forms and for this reason failed 
to observe the functional changes, or, as 
we prefer to call them, changes in the 
“behavior pattern” which have mani- 
fested some degree of permanence after 
removal from the blastogenic agent. The 
fact that these changes were retained for a 
number of cell divisions after removal 
from the blastogenic agent and did not 
become manifest at once but only after 
continuous exposure over many cell divi- 
sions suggests to us that some part of the 
genetic mechanism may be affected. Cu- 
mulative stimuli extending over several 
generations and finally becoming manifest 
in a threshold response is, we believe, not 
an unknown phenomenon to geneticists. 
The slow response of mammalian cells to 
blastogenic agents is well known. Our 
tests suggest that protozoa also are slow to 
respond or at least that there is no de- 
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tectable response to the stimulus for a con- 
siderable number of generations. It is also 
possible that selection may account in part 
for the apparent changes since it may have 
been operative under the conditions of the 
experiment. However, against this hypoth- 
esis is the fact that we observed little, ii 
any, mortality during the early stages o! 
the adaptation process. 

In connection with the observed longe: 
survival of the adapted organisms and 
their greater resistance to colchicine and 
testosterone (figs. 10 and 11), attention 
should be invited to the recent work o} 
Brues and Jackson (4) who found that 
tissue cultures of sarcoma and carcinoma 
cells are much less susceptible to inhibition 
by amines than are normal cells. 

Up to the present time we have observed 
no structural changes in our methylcholan- 
threne-adapted paramecia. The two va- 
rieties of functional changes, greater sur- 
vival value and high population levels, 
appearing at different periods in the 
process of adaptation, keeps one on the 
lookout for further changes. Perhaps even 
structural changes can be expected later, 
since in the natural process of adaptation 
of any species to an unusual environment 
it is not unreasonable to assume that struc- 
tural changes will ultimately follow 
changes in function. 

As suggested from the observations in 
our earlier papers, the results here submit- 
ted seem also to support the idea that the 
carcinogen, methylcholanthrene, and per- 
haps other chemical carcinogens in suita- 
ble amounts are not destructive to living 
paramecia. They appear, on the contrary, 
to enhance certain vital functions. Of 
course, in overwhelming amounts, such as 
when pellets are embedded in mammalian 
tissues, cell necrosis and destruction may 
appear, although pathologists do not al- 
ways find necrosis, especially when the 
hydrocarbon is administered intravenously. 
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Certainly the changes we have observed 
are quantitative rather than qualitative, 
and this accords, it is believed, with the 
results of practically all observations to 
date that have been designed to detect 
differences between the cancer and the 
normal cell. 

Finally, these tests seems to throw some 
light on the plausibility or rather the 
implausibility of the so-called “tissue 
tension” theory of cancer. According to 
this theory, there is no unusual power of 
proliferation in cancer cells. Cancer cells 
freed from the restraints of tissue tension 
(mechanical pressure, distribution of nu- 
triment, growth-inhibiting agents, etc.) 
are merely exhibiting the powers of growth 
with which they are endowed. How- 
ever, in our tests a free-living organism 
(Paramecium) relieved of all growth-re- 
| straining influences seemed to be endowed 

with more than the ancestral power of cell 
division and survival when the species 
was exposed to a blastogenic hydrocarbon 
for many generations. Such carcinogen- 
adapted organisms are, of course, not 


necessarily analogous to mammalian 
cancer cells induced by the same hydro- 
carbon. 


SUMMARY 


1. A free-living single-cell species, Para- 
mecium multimicronucleatum, has been ex- 
posed to methylcholanthrene continu- 
ously for more than 500 successive cell 
divisions over a period of more than 2 
years. 

2. Certain functional or behavior pat- 
terns, survival value and population levels, 
have been enhanced. 

3. One of these patterns, the enhanced 
survival, which was the first to appear in 
the process of adaptation to the methyl- 
cholanthrene, has displayed a consider- 
able degree of permanence, being apparent 
throughout 10 transfers, or 100 days of 
continuous growth after the hydrocarbon 
had been removed. 

4. The significance of these observa- 
tions and their possible bearing on the 
mechanism of mammalian carcinogenesis 
is discussed. 
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Induction of Adenocarinoma of the Py- 
loric Stomach in Mice by a 


anthrene 


[Preliminary Report] 


By Harotp L. Stewart, senior pathologist, and EGON Lorenz, senior physicist, National 
Cancer Institute, National Institute of Health, United States Public Health Service 


Attempts were made to induce adeno- 
carcinoma of the glandular stomach in 
mice by injecting 20-methylcholanthrene 
or 1, 2, 5, 6-dibenzanthracene in solid 
pellets, mineral-oil solution, or dispersed 
in horse serum. The purpose of this com- 
munication is to place on record three 
cases of induced adenocarcinoma of the 
pyloric chamber of the stomach in strain 
C3H male mice.' When the mice were 
5 months old, 0.03 to 0.05 cc. of the dis- 
persion of methylcholanthrene in horse 
serum, each cubic centimeter containing 
20 mg. of the hydrocarbon, was injected 
into the wall of the pyloric chamber of the 
stomach. 

This dispersion is prepared as follows: 
2.050 gm. of 20-methylcholanthrene (m. p. 
179.5° to 180.3° C., corr.) is dissolved in 
approximately 1,500 cc. of chemically pure 
ether; 250 cc. of horse serum saturated 
with cholesterol is prepared by the method 
previously reported (7). Approximately 
100 cc. of the solution of methylcholan- 
threne in ether is added to the horse serum, 
and the ether blown off with nitrogen at a 
temperature of 0° to4° C. This procedure 
is repeated until all the ether solution of 
methylcholanthrene has been added to 
the serum. The resulting dispersion of 
methylcholanthrene contains a consider- 
able amount of large particles. To break 
up these particles, the dispersion is shaken 
with glass beads for 10 hours. The sus- 
pension is then centrifuged for approxi- 


1 No mouse of this strain has ever developed spontane- 
ous adenocarcinoma of the stomach in this laboratory. 


mately 2 hours at 4,000 r. p. m. One 
hundred and fifty cubic centimeters of the 
supernatant, which is almost clear, is dis- 
carded, and the sediment dispersed in the 
remaining 100 cc. of serum. The final 
dispersion contains approximately 20 mg. 


of methylcholanthrene per cubic centi- 


meter. It will settle after standing but 
can be brought into suspension again by 
shaking. 

The mice died of pneumonia 414, 5, and 
5 months, respectively, after injection. 
At autopsy a thickened area averaging 
4 mm. in diameter was observed on the 
mucosa of the pyloric stomach. In two 
mice there was superficial ulceration of 
the area. Microscopically, the lesions 
were confined to the pyloric chamber and 
were not in contact with either the pyloric 
ring or the limiting ridge (figs. 1 and 2). 
The tumor in each case consisted of a sub- 
mucosal nodule composed of atypical acini 
which infiltrated through the muscular 
wall into the peritoneum. The acini were 
lined by simple or stratified, tall, columnar 
cells with basal, oval, hyperchromatic 
nuclei. The cytoplasm was abundant, 
usually deeply acidophilic, and occasion- 
ally contained droplets of mucus. Mitotic 
figures were numerous with one to two per 
high-power field. The stroma was scanty 
and consisted of adult hyalinized con- 
nective tissue. No metastasis was observed. 

In the past, gastric adenocarcinoma has 
rarely if ever been produced experimentally 
(Stewart (/a—2), Klein and Palmer (3)). 
Klein and Palmer state: 
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nodule in the submucosa and have extended through the muscularis into a thick peritoneal adhesion 
uniting the stomach with the liver and pancreas. Photomicrograph. 30. 


A review of the literature discloses no reliable 
method of inducing adenocarcinoma of the 
stomach in animals; in fact there is no well estab- 
lished case of an adenocarcinoma of the stomach 
produced experimentally. Some _ success has 
attended efforts to induce squamous cell carci- 
noma of the forestomach in mice and rats, al- 
though considerably less than the claims in the 
literature would indicate. 


Because there is no unequivocal report of 
the production of this lesion experimentally, 
these three cases are put on record. They 
demonstrate that the glandular mucosa of 
the pyloric stomach in mice is not com- 
pletely refractory to cancer induction. 
That it possesses a high degree of resist- 


Ficure 2 (B-2392).—Adenocarcinoma of pyloric stomach. The infiltrating carcinoma is similar to 
that in figure 1. In both illustrations the transition of gastric mucosa to carcinoma is abrupt. Photo- 


micrograph. X 27. 
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Figure 3 (B-619).—Mixed adenocarcinoma and sarcoma of pyloric stomach. Photomicro- 
graph. 30. 


ance, however, is attested to by many 
negative reports of attempts to produce 
gastric adenocarcinoma experimentally. 
No success so far has attended efforts to in- 
duce this lesion by oral administration of 
methylcholanthrene or dibenzanthracene, 
which is in contrast with the ease of in- 
ducing tumors in the forestomach and 
small intestine by this method (4, 5). Of 
the three preparations of methylcholan- 
threne injected into the wall of the py- 
loric stomach, only the dispersion has 
yielded unmixed adenocarcinoma. With 
100-percent pellets and mineral-oil solu- 
tions of this hydrocarbon, adenocarcinoma 
when produced was always mixed with 
sarcoma (fig. 3). Finally, in this experi- 
ment, cases of adenoacanthoma of the 
414687—41——7 


stomach have developed in which the 
tumor was confined to the glandular mu- 
cosa of the pyloric stomach and not in 
contact with the limiting ridge or fore- 


stomach. 
ADDENDUM 


Since this paper was submitted for publi- 
cation, another adenocarcinoma of the 
pyloric chamber of the stomach has de- 
veloped. A subcutaneous transplant of 
this tumor, now in the second generation, 
reproduces the structural characteristics 
of the primary adenocarcinoma. 


We are indebted to John J. Murphy for technical 
assistance and to Albert M. Kessel for the histologic 
sections and photomicrographs. 
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Hepatomas in Mice Induced with Carbon 
Tetrachloride 


By Jesse E. Epwarps, research fellow, National Cancer Institute, National Institute of Health, 
United States Public Health Service 


Two hundred and seven male C3H mice, 
aged 3 to 6 months, from the Andervont 
line of the National Cancer Institute, and 
133 male and female strain A mice, aged 
2 to 3% months, obtained from the Jackson 
Memorial Laboratory, Bar Harbor, Maine, 
were fed 0.1 cc. of a 40-percent olive-oil 
solution of carbon tetrachloride by stomach 
tube two or three times weekly. This dose 
produced parenchymal necrosis of the 
liver but did not cause renal damage. 
The number of feedings varied from 23 to 
58 per mouse over a period ranging from 
8 to 16 weeks. Autopsy was performed 
2 to 147 days after the last feeding. Since 
the first hepatic tumor was observed after 
23 doses, only animals receiving 23 or 
more feedings are included in this report, 
the majority having received well over 35. 

A high percentage of the animals 
developed hepatomas. The results are 
tabulated in table 1. Of 143 C3H mice 
which varied from 6 to 10 months of age 
at autopsy, 126, or 88.1 percent, showed 
hepatomas, and similar tumors were 
present in each of 54 strain A mice whose 
ages varied from 4% to 12 months. 


Taste 1.—Incidence of carbon stetrachloride-induced 
hepatomas in mice of strains C3H*and A 


Mies Mice | Inci- 
Strain Feed- | Age at aut op- ith | dence 
’ ings |autopsy ied hepa- | of hepa- 
tomas | tomas 
| Number Number| Percent 
C3H_... ‘ 36-55 | 6.0-10 43 126 88. 1 
23-58 | 4.5-12 54 100.0 


The tumors (fig. 1) were occasionally 
solitary, but as a rule multiple numbering 


occurred, as many as eight being found in 
one liver. They were soft pink, pinkish- 
gray, grayish-yellow, and yellow and varied 
in diameter from 2 to 20 mm. The 
majority protruded above the capsular sur- 
face, and a few were pedunculated. No 
peritoneal implants or metastases were 
found. Microscopically there was a striking 
similarity to the spontaneous hepatoma 
(fig. 2, A and B). The tumor cells closely 
resembled hepatic parenchymal cells as in 
the spontaneous growth. Some of the 
tumor cells were small and vacuolated 
and contained fat and glycogen while 
others were larger, acidophilic, and non- 
vacuolated. Mitoses were scanty and not 
atypical, there was usually no apparent 
increase in the nuclear-cytoplasmic ratio, 
and no tumor giant cells were present. The 
pattern of the tumor was that of epithelial 
cords, two cells thick, alternating with 
endothelial-lined blood sinuses. This re- 
semblance to hepatic structure was further 
accentuated in areas showing a suggestive 
lobular arrangement with epithelial cords 
radiating from a centrally placed vessel. 


Ficure 1.—Carbon tetrachloride-induced hepa- 
tomas in a strain C3H mouse aged 6 months. 
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Ficure 2.—Carbon tetrachloride-induced hepatomas in mice. A, Strain C3H mouse 7 months old. 
310. B, strain A mouse 6 months old. Photomicrographs. >< 285. 


Cross sections of bile ducts were occasion- 
ally encountered, usually at the periphery 
of the tumor mass. The hepatomas were 
usually sharply circumscribed, though not 
encapsulated, and there was no invasion of 
intrahepatic blood vessels. 

The incidence of spontaneous hepatomas 


in both the C3H and A strains is decidedly 
below that of the induced tumors in our 
experimental animals. Autopsies per- 
formed on 17 C3H male mice 8% to 9 
months of age and of the same stock as 
that used in the experiment failed to show 
any hepatic tumors. In the same stock, 
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Andervont (7) found a 10-percent inci- 
dence of spontaneous hepatomas in males 
11 months of age, and in a total of 341 
from 11 to 19 months old, there was a 
25.8-percent incidence. Spontaneous hep- 
atomas in strain A mice are rare. At the 
National Cancer Institute the incidence of 
spontaneous tumors in the local colony of 
strain A mice obtained originally from the 
Jackson Memorial Laboratory is being 
studied. In 200 mice of this strain of both 
sexes, in which autopsy was performed at 4 
months, 200 at 8 months, and 200 as 12 
months of age, only 1 mouse, a male, aged 
12 months, showed a hepatoma. 

In order to control the experiments 
further, olive oil was administered by 
stomach tubes in doses of 0.1 cc. two or 
three times weekly to maie C3H and A 
mice from the same stock as those used in 


the experiments. Twenty-three strain 
C3H mice were so fed from 39 to 50 times 
and killed and examined when they were 
from 9 to 11 months of age. One animal, 
or 4.3 percent, showed a hepatoma. This 
is in keeping with the incidence in un- 
treated mice of this strain. Twenty-two 
strain A mice receiving 38 doses of olive 
oil showed no hepatomas at 5% months 
of age. 

Whether carbon tetrachloride is the 
active agent in inducing hepatomas in 
mice or whether these tumors are merely 
the result of hepatic damage caused by 
carbon tetrachloride awaits further study. 


@ 


The author is indebted to John W. Bertram 
and Albert M. Kessel for technical assistance and 
to Donald Reed for the photomicrographs. 
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